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ABSTRACT 
A characterization of the microbial flora in a sludge sample 
originating from a phosphorus removing wastewater treatment process 
was conducted, The morphological and physiological attributes of 
the pure isolates obtained were identified and used to establish a 
taxonomic classification. A total of 25 different bacterial species 
belonging to 20 different genera were detected in the sample. 
Qualitatively, the aerobic bacteria were predominant in the system. 
On the basis of the proposed metabolic models explaining the removal 
of phosphorus, the most 1 ikely genera found to play a role in such 
processes were hypothesized to be: Acinetobacter, Azotobacter, 
Pseudomonas and Spirillum. 
1 
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1. INTRODUCTION 
1.1 Phenoaenon of Phosphate Removal in Wastewater Treatment Systems 
The deprivation of one or more key elements (i.e., N, S, P, or 
0) that can be induced in an activated sludge plant can cause severe 
bacterial stress. Some bacteria may succumb under such conditions, 
while others may be able to use alternative metabolic pathways in 
order to survive. Among the survival mechanisms is the storage of 
phosphorus in the form of polyphosphates (polyP) and of carbon in 
the form of poly-~-hydroxy-butyrate (PHB) and/or glycogen [25]. 
Alternating phases of phosphorus bleedback and uptake have been 
detected when subjecting the sludge to an anaerobic/aerobic 
sequencing procedure, allowing for the precipitation of phosphorus 
contained in inflow raw waters [32], The basic phenomenon of the 
phosphorus metabolism occurring during the stress condition is 
better described by Figure 1-1. 
The stressing condition in this case would be the deprivation 
of oxygen, causing a bleeding of endogenous phosphorus back to the 
medium in the form of orthophosphate, and seemingly causing the 
bacteria to stop growing. The subsequent restoration of the oxygen 
supply causes an inmedia te response: the phosphorus bleed back stops 
and an increased uptake of phosphorus from the medium is observed 
[18]. The uptake rate is well over the metabolic needs of 
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Supernatant Phosphate Profiles in Anaerobic/Aerobic 
Sequencing 
3 
/J 
phosphate, which is endogenously accumulated as polyphosphate [24]. 
The biological origin of the phenomenon was demonstrated by 
Levin and Shapiro [23]. When a wastewater culture under anaerobic 
conditions has the oxidative chain inhibited by the addition of 2,4-
dini trophenol, the orthophosphate uptake is inhibited, al though not 
suppressed, since DNP does not affect the substrate level 
phosphorylation. Incidentally, the amount of inhibition observed 
should indicate the relative importances of oxidative and substrate 
level phosphorylation. These investigators showed that the 
phenomenon was completely reversible and that luxury uptake was not 
associated with growth, since it took place in spite of an 80% 
decline in the number of viable cells. 
Based on these metabolic responses, several systems using the 
anaerobic/aerobic sequential cycles, accomplishing phosphate removal 
from wastewaters, have been proposed. Such systems are: 
- A/0 
- Phostrip 
- Bio-denipho 
- Bardenpho 
All of them are based on the sequencing of alternate 
anaerobic/aerobic conditions: the objective of the different 
strategies used is to increase the phosphorus removal efficiency 
4 
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[1, 6, 7 , 21]. Figures 1-2, 1-3, 1-4, 1-5 show the different 
configurations of such processes. 
It seems, however, that it is not the absence of oxygen per se 
which initiates the release of phosphorus: if the redox potential in 
the culture medium rises, the phosphorus leakage stops and the 
uptake begins. Therefore, not only dissolved oxygen free conditions 
are needed to stress the bacteria (labelled as anode conditions), 
but also the elimination of any possible electron acceptor that may 
take the role of oxygen (i.e., nitrates and/or nitrites) is 
imperative. This relationship be tween the redox potential, 
dissolved oxygen level and phosphate phenomenon is depicted in 
Figure 1-6 [32, 28]. 
It has been also observed in activated sludge plants that the 
restriction of oxygen and nitrates encourages the storage of 
poly-~-hydroxy-butyrate. The apparent simultaneous appearance of 
both polyphosphate and PHB in a number of bacteria present in the 
sludges was considered particularly significant and suggested that 
these two reserve polymers (i.e., poly-~-hydroxybutyrate and 
polyphosphate) may play a mutually interdependent role in assisting 
aerobic and microaerophilic bacteria in surviving anaerobic periods. 
Under such conditions, facultative anaerobic bacteria can switch to 
fermentative pathways and survive without difficulty, not finding it 
necessary to store high energy polymers for survival purposes [25]. 
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Relationship of Phosphate Metabolism to Redox 
Potential and Dissolved 01 
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Typical bacteria shown to be present in polyphosphate accumulating 
sludges and their metabolic characteristics are summarized in Table 
1-1. 
1.2 Microbiology and Biochemistry of Polyphosphate Metabolism 
1.2.1 Pure Cultures Shown to Accumulate Polyphosphates 
Several different organisms have been shown to accumulate 
polyphosphate, spanning from algae to bacteria, including fungi and 
yeasts. The following list comprises all the pure cultures of 
organisms reported as polyphosphate accumulators. 
1. Algae: 
- Chlorophyceae [10, 21] 
- Chryptophyceae [21] 
- Di a t oms [ 21 , 2 8 ] 
- Dinophyceae [14] 
- Euglenophyceae [21, 29] 
- Phaeophyceae [26] 
Prymnesiophyceae [31] 
- Rhodophyceae [26] 
- Xanthophyceae [21] 
2. Yeasts and Fungi [22]: 
- Aspergillus 
- Blassacladiella 
11 
Ba::terium 
Aci netobocter 
Nocardia 
Beijerinckia 
Azotobocter 
TABLE 1-1 
BACTERIA ACCUMULATING STORAGE COMPOUNDS FROM A 
WASTEWATER TREATMENT PLANT IN JOHANNESBURG 
Metabolic Chara::teristics 
Ob ligate Polyphosphate Poly-B-Hydroxybutyrate 
Aerobe Accumulation Accumulation 
+ + + 
+ + + 
+ + + 
+ + 
12 
Number of 
Organ1sms 
Present 
abundant 
scanty 
very scanty 
very scanty 
:r 
- Candida 
Cladospori um 
- Dictostelium 
- Endomyces 
- Neurospora 
- Penicillium 
':j 
- Physarum 
- Saccharomyces 
- Saccharomycopsis 
Rosella 
3. Bacteria [22]: 
- Acinetobacter 
Acetobacter 
- Aerobacter 
Alcaligenes 
- Arthrobacter 
- Azotobacter 
- Bacillus 
- Bacteroides 
- Bde 11 ov i brio 
- Brevibacteriwn 
Coryne ba c teri wn 
- Desulfovibrio 
- Escherichia 
- Hydrogenomonas 
- Mycobacterium 
- Micrococcus 
- Myxococcus 
- Nitrosomonas 
Nocar di a 
- Paracoccus 
- Pseudomonas 
- Renobacter 
- Salmonella 
Spirillum 
Streptomyces 
- Streptococcus 
- Thermus 
- Tuberoidobacter 
Despite the wide range of microorganisms shown to accumulate 
polyphosphate in pure culture, no studies with defined mixed 
cultures have been published to date. Comprehensive examinations of 
wastewater samples from biological phosphorus removing processes 
have been limited. However, from the bibliographical information 
gathered, it appears that a predominant role in such processes is 
played by bacteria [16, 4, 13]. These observations agree with the 
proposed metabolism for phosphorus removal first discussed by 
Nicholls [25] and supported by other authors [30, 9, 19]. Based on 
14 
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an analysis of metabolic activities, great emphasis has been placed 
on the genus Acinetobacter as the responsible for phosphorus removal 
in aerated basins, especially by Fuhs and Chen [16]. However, other 
authors have been reporting other bacteria with similar features 
also detected in operating plants. The results presented by 
Brodisch and Joyner [4] indicate that the genera Aeromonas and 
Pseudomonas also most likely contribute to phosphorus removal. 
1.2.2 Conditions Required for Polyphosphate Accumulation 
Stress in the form of deprivation of one or more key elements 
such as nitrogen, sulfur, phosphorus or oxygen, causing the 
metabolic processes to be unable to function, is considered a 
prerequisite for the removal of phosphorus from the medium and 
subsequent polyphosphate accumulation in the cells. The phenomenon 
appears as an alternative metabolic response allowing the survival 
of the organisms under such conditions. The organisms behave in 
their different characteristic ways to specific stress conditions, 
and some find it necessary to accumulate more than one storage 
material. Along with the polyphosphate granules, the accumulation 
of a polymeric carbonaceous compound (poly-~-hydroxy-butyrate or 
glycogen) has been indicated as a response to stress conditions 
[11, 25]. The interdependence suggested by the simultaneous 
accumulation of polyphosphates and PHB (prokaryotes) or glycogen 
(eukaryotes) seems to be a key feature for the understanding of how 
aerobic organisms behave under such conditions of anaerobiosis. 
15 
Two main mechanisms have been generally accepted for the 
accumulation of polyphosphates [32, 24, 22]: 
1. Overplus Accumulation: which happens when the 
microorganisms are deprived temporarily of phosphorus and 
subsequently reexposed to an abundance of this element. 
The phenomenon is believed to be growth associated. 
2. Luxury Uptake: which occurs when an essential element 
other than phosphorus is limited, but sufficient energy 
is available to transfer the phosphorus into the cell. 
This phenomenon is believed to be non-growth associated. 
Observations by different authors confirmed that aerobic 
bacteria subjected to the stress condition very rapidly take up 
phosphorus in an overplus type of reaction on entering the aerobic 
zone, where the stress condition is nonexistent and phosphorus is 
available. The luxury uptake of phosphorus takes place under 
conditions of endogenous respiration at the end of the aerobic 
period, when growth is no longer observed [25]. 
Figures 1-7 and 1-8 re pre sent simplified biochemical pathways 
involved in the movement of phosphorus within the cell during 
overplus accumulation and luxury uptake, respectively (25]. 
16 
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1.2.3 Conditions for Carbonaceous Polymer Accumulation 
A wide variety of bacteria can accumulate 
poly-~-hydroxybutyrate, many of them found in the activated sludge 
plants. The occurrence of glycogen in such situations is less 
frequent, but some researchers claim that it may also play a role in 
the survival mechanisms [25, 30]. 
Diverse experimentalists have suggested that it is only certain 
species of aerobic bacteria that accumulate PHB, supporting the 
conclusion of Dawes and Senior [11] that temporary deprivation of 
oxygen can result in the accumulation of PHB in certain bacteria 
[25, 9, 19]. Under anaerobic conditions (absence of both oxygen 
and nitrates), the available substrates will be transported across 
the membrane by facilitated diffusion. Once acetate is obtained, it 
can be stored as PHB, since no electron acceptors (Oi or NOJ) are 
available for its oxidation. The accumulation of substrates would 
inhibit their absorption and lead to disturbances inside the cell. 
The polyphosphates play a role in reestablishing the pH gradient 
across the membrane necessary for PHB accumulation by serving as a 
source of phosphates that can be neutrally transported across the 
membrane and as an energy source for the PHB synthesis. This would 
explain the bleedback of phosphates during the anaerobic stage. 
These ideas, based on acetate as carbon source, are summarized 
in Figure 1-9. 
19 
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In the presence of oxygen (aerobic stage}, the cell can oxidize 
the PHB at a high rate relative to glycogen and triglycerides. The 
energy produced is in excess of what the cell needs for normal 
metabolism resulting in an overproduction of ATP. 
energy carrier, the ATP cannot be accumulated. 
In its role as 
To control the 
ATP /ADP ratio, the energy would be transferred from ATP to 
polyphosphates by the enzyme polyphosphate kinase. This phenomenon 
is schematically represented by Figure 1-10. This same idea can be 
extended for glycogen as the reserve polymer. 
1.2.4 Proposed Metabolic Schemes for Polyphosphate Metabolism 
1.2.4.1 Polyphosphate and Poly-~-hydroxy-butyrate Scheme 
A metabolic scheme is developed on the basis of the discussion 
in Section 1 .2 .3. Glucose and acetate are used as the carbon 
sources available in the medium. The balanced equations are 
summarized in Tables 1-2 and 1-3 for the anaerobic and aerobic 
zones, respectively. A schematic of the proposed metabolic sequence 
is given in Figure 1-11. 
1.2.4.2 Polyphosphate and Glycogen Scheme 
The balanced equations are summarized in Tables 1-4 and 1-5 for 
the anaerobic and aerobic zones, respectively. A schema tic of the 
proposed metabolic sequence is given in Figure 1-12. 
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a) Glycolysis 
TABLE 1-2 
BALANCED EQUATIONS FOR ANAEROBIC REACTIONS FOR PROPOSED 
POLYPHOSPHATE/POLY-B-HYDROXYBUTYRATE METABOLISM 
Glucose+ 2ADP + 4NAD + 2CMSH -- 2AcetylCM + 2ATP + 4NADH + 4W + 2H20 + 2C02 
b) Acetate Incorporation and Polyphosphate Hydrolysis 
2Acetate + 2(PolyP)n Polyp ~ 2 Acetate+ 2(PolyP)n-l + 2Pi 
Kinase 
2Acetate + 2CoASH - 2Acetylc.M 
2Acetate + 2(PolyP)n + 2CMSH -- 2Acety1CM + 2(PolyP)n-l + 2Pi 
c) Poly-fl-Hydroxy-Butyrate(PHB) Synthesis 
2N:;ety1CM-- D-3-Hydroxybutyrate + 2CMSH 
D-3-Hydroxybutyrate + (PHB)nT (PHB)n 
2Acety1CM + ( PHB \-:,--- ( PHB \ + 2Cot\SH 
OVERALL REACTION ( using acetate as carbon source): 
2Acetate + 2(PolyP)n + (PHB)n:r-- 2(PolyP)n-t + (PHB)n + 2Pi 
23 
TABLE 1-3 
BALANCED EQUATIONS FOR AEROBIC REACTION FOR PROPOSED 
POLYPHOSPHATE/POLY-fl-HYDROXY-BUTYRATE METABOLISM 
a) Glycolysis 
Glucose+ 2ADP + 2Pi + 4NAD + 2C'd\SH -- 2Acetyl Co6iSH + 2ATP + 4NADH + 4W + 
2H20 + 2C02 
b) Poly-B-Hydroxy-Butyrate Hydrolysis 
(PHB)n- D-3-Hydroxybutyrate + (PHB)n-l 
D-3-Hydroxybutyrate + 2CMSH --2Acety1CM 
(PHB)n + 2CMSH -- 2Acety1CM + (PHB\_1 
c) Krebs Cycle 
2Acety1Co6i + 8NAD + 2FAD + 2ADP --4C02 + 8NADH + 8H+ + 2C'd\SH + 2FADH2 + 2ATP 
d) Electron Transport Chain 
502 + 12Pi + 12ADP + 1 ONADH + 1 OH+ + 2FADH2 -12H20 + 12ATP + 1 ONAD + 2FAD 
e) Polyphosphate Synthesis 
16(PolyP\_1 + 16ATP -16(PolyP)n + 16ADP 
OVERALL REACTION: 
:, 
i 
I 
!. 
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:, 
,, 
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02 P. CO2 I 
N03 
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1
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Figure 1-11: Simplified Biochemical Pathways for the 
Poly-~-hydroxybutyrate/Polyphosphate Scheme 
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TABLE 1-4 
BALANCED EQUATIONS FOR ANAEROBIC REACTIONS FOR PROPOSED 
POLYPHOSPHATE/GLYCOOEN METABOLISM 
a) GlyC(XJ!n Synthesis 
Glucose+ (Glueo5yl)n-l + ATP - (Glucosyl)n +ADP+ Pi 
b) Polyphosphate Hydrolysts 
ADP+ 2(PolyP)n PolyP>- ATP+ 2(PolyP)n-l 
Kinase 
OVERALL REACTION: 
Glucose+ (61ueo5yl)n-l + (PolyP)n~ (Glucosyl\ + (PolyP)n-l + Pi 
26 
TABLE 1-5 
BALANCED EQUATIONS FOR AEROBIC REACTION FOR PROPOSED 
POLYPHOSPHATE/GLYCOOEN METABOLISM 
a) Olycolysis 
(Glucosy1)0 +ATP-+ Glucose-6-P + (Glucosyl) 0_ 1 + ADP 
Glucose+ 2ADP + 2P1 + 4NAD + 2CMSH -+2Acetyl CoA.SH + 2ATP + 4NADH + 4W + 
2H20 + 2ffii 
(Glucosy1)0 + 2Pi +2NAD + 2CMSH ~ 2Acety1Cc:A + 2NADH + 2H+ + 2H20 + 2~ 
b) Krebs Cycle 
2Acety1CM + 8NAD + 2FAD + 2ADP ..- 4C02 + 8NADH + 8H+ + 2Coi\SH + 2FADH2 + 2ATP 
c) Electron Transport Chain 
502 + 12P1 + 12ADP + I ONADH + I OH+ + 2FADH2 ~ 12H20 + 12ATP + I ONAD + 2FAD 
d) Polyphosphate Synthesis 
16( PolyP )0_ 1 + 16ATP -.. 16( PolyP )0 + 16ADP 
OVERALL REACTION: 
(Glucosyl\ + 16(PolyP)0_ 1 + 502 + 12Pi - (Glucosy1) 0_ 1 + 16(PolyP)0 + 12 H20 
+ 6C0i 
·~ 
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Figure 1-12: Simplified Biochemical Pathways for the 
Glycogen/Polyphosphate Scheme 
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1.3 Definition of the Research Problem 
The previous discussion highlights the uncer tainitie s 
surrounding the mechanism of phosphorus uptake and the nature of the 
microorganisms responsible for polyphosphate accumulation. 
Identification of the bioflora present in the sludges and a 
preliminary selection of possible candidates responsible for 
polyphosphate metabolism is required before any additional work on 
the biochemistry and enzymology of the process can be done. 
Therefore, the research objectives of this particular work were: 
1. Isolation of all the microbial species present in a 
phosphorus removing wastewater sludge sample. 
2. Identification of the isolated organisms. 
3. Selection of the organisms that, on the basis of their 
metabolic characteristics, most likely play a role in the 
removal of phosphorus in the aforementioned processes. 
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2. MATERIALS AND METHODS 
2.1 List of Equipment 
1. Low Temperature Incubator : Model 307, Fisher Scientific 
(U.S.A.), Catalog# 11-0790-25, Serial# 2165 
2. Incubator Precision Scientific (U.S.A.), Catalog# 
1485, Serial# 6M-2413 
3. Autoclave Model LS-2036, American Sterilizer Company 
(U.S.A.), Serial# 27973 
4. Vortex Mixer Model K-550-G, Scientific Industries 
(U.S.A.), Patent# 3 061 280, Serial# 7827 
5. Balance Model P-1200, Mettler Instrument Corp. 
(U.S.A.), Serial# 168 843 
6. Precision Balance : Model H-51-AR, Mettler Instrument 
Corp. (U.S.A.), Serial# 664 629 
7. Laminar Flow Hood : Model EG-4320, The Baker Co., Inc. 
(U.S.A.), Serial# E-6663 
8. Inverted Transmitted and Reflected Light Microscope 
Model Axiomat IDC/IAC, Observation Module # 47 56 10, 
Polaroid Camera Module# 47 56 20, 35mm Camera Magazine# 
47 20 26, Zeiss (West Germany), Maximum Magnification : 
3.2x50x10 = 1600X 
9. Short Wave U.V. Lamp Model UVS-11, Mineralight, Thomas 
Scientific (U.S.A.), Wavelength: 253.7 (nm) 
10. Glassware and Assorted Materials : 
Sterilizable capped culture tubes 
Sterile disposable plastic Petri dishes 
- Test tube racks 
Erlenmeyer flasks 
- Sterile disposable pipettes(! ml, 10 ml) 
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2.2 General Overview of the Problem and Objectives 
The main objective of this work was the characterization of the 
microbial population in a wastewater sample from a phosphorus 
removing activated sludge. The sludge sample was obtained on 
Sepember 10, 1984, at 10:30 am, from plant #1 at the City of Largo 
Advance Wastewater Treatment facilities. 
The microbial characterization was performed stepwise 
- Isolation of the different microbial morphologies pre sent 
in the sample. 
- Performance of standard nutritional tests on the isolates 
in order to attempt a classification of the aforementioned 
isolates. 
From the information obtained through the characterization and 
identification process, an attempt at describing a metabolic basis 
for phosphorus removing system was made. This description was done 
by organizing the isolates in similar metabolic groups with respect 
to their ability to accumulate energy reserve polymers and 
polyphosphates. The overall purpose of this work, then, was to 
establish a starting point for a bichemical engineering evaluation 
of these phosphorus removing systems. 
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2.2.1 Approach to the Problem 
Modern microbial classification systems are based not only on 
morphological and physiological characteristics, but also on genetic 
similarities at the molecular level [3]. The process selected for 
isolation and identification in this work focused on the following 
criteria [3]: 
1. Growth Characteristics 
a. Colony Morphology 
b. Pigmentation 
c. Additional Characteristics (such as opacity and 
sheen) 
2. Microscopic Characteristics 
a. Morphology 
- Cell Shape 
- Cell Size 
Arrangement of Cells 
- Endospore Formation 
- Motility 
b. Staining Reactions 
- Gram Stain 
Endospore Stain 
3. Nutritional Characteristics 
a. Energy Sources 
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b. Carbon Sources 
c. Nitrogen Sources 
d. Fermentation Products 
e. Modes of Metabolism 
- fermentative 
respiratory 
- autotrophic 
- heterotrophic 
No attempt was made to characterize the isolates on the basis 
of their genetic material. With these criteria as a basis for the 
work, the following general methodology was used for isolation and 
purification: 
1. Isolation and morphological characterization of pure 
cultures. The sludge sample was streaked onto solid 
medium and the isolates differentiated on the basis of 
their growth characteristics under various conditions of 
nutrient sources and concentrations, The microscopic 
characteristics were identified after this primary step 
in the isolation procedure was completed. 
2. Establishment of the nutritional profiles of the 
morphologically differentiated isolates with the standard 
tests provided in the API biochemical t :st kits. 
3. Classification of the isolates on the basis of the above 
information, either by using the Analytical Profile Index 
provided by the API system [2] when the correspondence 
was possible, or by using the resulting profile to locate 
the isolate in the diagnostic tables found in Bergey' s 
Manual [ 5, 20]. 
4. Establishment of the predominant biochemical 
characteristics of the biota found. 
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2.3 Isolation and Morphological Characterization of Pure Cultures 
any To observe the general microbial flora of a sample of 
material, the use of non-selective media is recommended. Also, the 
conditions of incubation (pH.temperature) should approximate those 
of the material under examination [8]. Therefore, the basic media 
used was the Luria formulation presented in Table 2-1. In addition, 
to mimic the selection medium in the waste treatment system, samples 
of sludge were grown on solid medium prepared with influent waters 
from the Largo facilities; the only addition to the influent was 
agar, in order to obtain a solid medium. 
The overall process for isolation of the pure cultures is shown 
in Figure 2-1. 
The initial isolation was based on streaking of the original 
the sample onto plates to obtain isolated colonies distingushable on 
the basis of their growth characteristics. A di a gram of the 
streaking technique used is given in Figure 2-2. A loopful of 
material was deposited on the medium near the rim of the plate and 
spread over segment A. lb.e loop was then flamed and parallel streaks 
pulled across the plate from area A to B, care being taken not to 
let the streaks overlap. lb.e loop was flamed again and parallel 
streaks drawn from area B to C. This streaking procedure, which 
successively diluted the inoculum, was repeated until the entire 
plate was covered. The first streaks using the s 1 udge sample as 
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TABLE 2-1 I 1, 
1 
LURIA MEDIA FORMULATION 
,. 
fl 
;;; 
,, 
~ .. ,. 
,, 
' Q>mpound C',Qncentration ,, 
; 
Tryptone 10 (g/1) t~ 
,, 
Yeast Extr~ 5 (g/1) '1 
Sooium Chlorire 10 (g/1) 1 Glucose 1 (g/1) 1 /vJJr' 20 (g/1) ,, :i Salts Qmcentrate 20 (ml/1) 1 
containing 1 
EDTA 5 (g/1) 
MgS04 7H20 2 (g/1) 
ZnS04 7Hi0 2 (g/1) 
FeS04 7H20 2 (g/1) 
MnS04 7H20 2 (g/1) 
C 
< GaCl2 2 (g/1) 
l 
'1 
:i 
' 
SAMPLE 
-~ 
1:10 DILUTION 1: 10 DILUTION 
IN 30/o SALi NE IN 10-5M EDTA 
SOLUTION SOLUTION 
I I 
I l 
STREAKING STREAKING STREAKING STREAKING 
ON LURIA ON LURIA ON lNFLUENl ON lNFLUEN' 
PLATES PLATES PLATES PLATES 
I I z 0 
CULTURAL CULTURAL CULTURAL CULTURAL 
DESCRIPTION DESCRIPTION DESCRIPTION DESCRIPTIO~ 
I- j <( _J 0 
Vl I 
15 COLONIES 4 COLONIES 11 COLONIES 5 COLONIES 
I I 
~ 
>- f 0::: I 
<( 
2 
STREAKING STREAKING STREAKING STREAKING 0::: n. i 
ON LURIA ON LURIA ON LURIA ON LURIA 
;l 
PLATES PLATES PLATES PLATES 
' 
l 
I 
l 
:) 
IDENTIFICATION OF PRIMARY 
GROUP OF PURE CULTURES -
' ! 
I ,, 
22 MORPHOLOGIES 
'; 
1 
PURIFICATION PROCEDURE 
3'o MORPHOLOGIES 
' 
Figure 2-1: Isolation Procedure 
inoculum were done on both Luria and influent plates. Prior to 
streaking the sludge was diluted 1:10 (v/v) with either 3% saline or 
-S 
10 M EDTA solution; the latter solution was used to attempt to 
disperse microbial clumps. The individual colonies identified from 
the first set of plates were re-streaked onto Luria agar to verify 
morphological differences and establish a tentative grouping of pure 
isolates. 
Due to the characteristics of the phosphorus removing process 
from which the sample was taken, no strictly anaerobic organisms 
were expected. On this basis, the necessity of carrying out a 
parallel isolation procedure under strictly anaerobic conditions was 
discarded. Consequently, the complete isolation process was carried 
0 
out under aerobic conditions and at 20 C by incubating both slants 
and plates in the low temperature incubator described in section 
2.1 of this chapter. 
The first group of tentative isolates obtained by this 
procedure were subjected to a secondary purification in which the 
individual isolates were streaked onto Luria plates to further 
dilute them and detect possible mixtures of organisms. For this 
secondary isolation step, in addition to the observation of the 
growth characteristics, the microscopic characteristics of the 
isolates (with the exception of motility and endospore formation) 
were used to identify pure cultures. As shown in the scheme for 
Figure 2-2: Looping Out of a Plate 
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this purification phase in Figure 2-3, cultures not judged to be 
homogeneous at this stage on the basis of growth and/or microbial 
characteristics were re-streaked until homogeneity was verified. 
Once the isolate was confirmed to be pure, a stock culture of it was 
maintained on Luria agar slants and renewed every two weeks. 
Through this procedure, from the original 22 tentative isolates, 38 
isolates were obtained. Despite some apparent close similarities 
detected among these 38 isolates, in order to avoid overlooking 
different microorganisms with similar morphologies, all possible 
isolates from this purification were kept in stock. 
2.3.1 Maintenance of the Isolates 
Each isolate was maintained in stock on Luria agar slants. 
Slants were incubated at 20 °c for one week and then maintained at 
2-3°C. Slants were restreaked every two weeks. 
2.3.2 Growth Characteristics 
2.3.2.1 Appearance of the Isolated Colonies 
The appearance of the isolated colonies was determined by 
streaking the isolates on Luria agar plates. 
characteristics were observed [27]: 
The following 
1. Form 
rhizoid 
circular,irregular,spindle,filamentous, and 
2. Elevation: flat,raised,convex, and umbonate 
3. Margin: undulate,lobate,filamentous, and curled 
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Figure 2-3: Purification Procedure 
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4. Pigmentation 
2.3.2.2 Agar Streaks 
Using a transfer needle, each organism was inoculated onto 
Luria agar slants by streaking up the middle of the slanted surface 
with the loop needle. As usual, the incubation was carried out 
0 
under aerobic conditions at 20 C [ 27]. The agar streak growth was 
described as filiform, beaded or rhizoid. 
2.3.2.3 Agar Stabs 
Using a transfer needle each isolate was inoculated into a 
column of Luria agar; the column was punctured from top to bottom 
and the straight needle withdrawn along the entrance path [27]. The 
0 
tubes were incubated under aerobic conditions and at 20 C in the 
low temperature incubator. These stab cultures were used to 
establish tentative oxygen requirements of the isolates; the 
relationship between growth characteristics along the stab line and 
o, requirements is shown in Figure 2-4. 
2.3.3 Microscopic Characteristics 
The microscopic characteristics of the isolates were determined 
by observation under the microscope of prepared slides of each 
isolate. The characteristics observed were [27]: 
- Shape : cocci,filaments,spirals, and rods 
Arrangement : single,pairs,chains,tetrads, and clusters 
- Relative Size 
41 
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MICROAEROPHILE 
FACUL TAT IVE ANAEROBE/ ANAEROBE 
STRICT ANAEROBE 
Figure 2-4: Oxygen Relationships in Agar Stabs 
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• Overall - minute,small,medium,large 
• Length - short,medium,long 
• Breadth - thin,medium,thick 
- Gram Staining : positive (purple)/negative (pink) 
Endospore Staining : positive (green)/negative(pink) 
The morphological characteristics were determined on the Gram 
stained sample. 
2.3.3.1 Gram Staining Procedure 
To prepare the Gram stained samples a drop of an aqueous 
suspension of the cells was placed on a clean glass slide and 
allowed to air-dry. Staining solutions were then applied to this 
dried preparation. The source of cells were fresh cultures of the 
0 
desired isolate grown on Luria slants at 20 C incubated for 24 to 
36 h. On each slide samples of Staphylococcus aureus (coccus,Gram 
positive) and Escherichia coli (rod,Gram negative) were included as 
shown in Figure 2-5 as controls; these cells were obtained from 
Nutrient agar slants, also incubated for 24 to 36 hat 20°c. 
A detailed procedure for preparation of these slides is given 
in the Appendix 111.1. 
All microscopic examinations were done on the Zeiss light 
microscope (as described in Section 2.1), using the maximum 
magnification (1600!). 
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label Gram positive SAMPLE 
control 
Gram negative 
control 
Figure 2-5: Slide Preparation 
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2.3.3.2 Endospore Stain 
Slides of the isolates were prepared for the endospore staining 
in a manner analogous to those of the Gram staining. The details of 
the endospore staining procedure are given in Appendix III. 2. As 
with the Gram staining procedure, a control sample of an endospore 
forming migroorganism was placed on the slide as shown in Figure 
2-6. For this purpose, smears of a 10 day old Bacillus subtilis 
culture were used. All the isolates observed originated from 10 or 
more day old slants in order to allow the sporogenesis to take 
place. 
The microscopic examinations of these slides were done on the 
Zeiss microscope (as described in Section 2.1) at maximum 
magnification. 
2.4 Identification of the Pure Cultures 
The identification of a microorganism relies on a comparison of 
an unknown organism with previously established groups in order to 
determine whether the individual organism can be properly considered 
as a member of such group. The characteristics used in an 
identification process are limited to the significant features that 
distinguish one group from the other. Also, identification systems 
try to use the minimal number of characteristics that will produce a 
reliable identification [3, 17]. 
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Figure 2-6: Endospore Stain Slide 
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It is not uncommon for two different bacterial cultures to be 
very similar in their morphological and cultural characteristics but 
to exhibit strikingly different metabolic reactions (27]. 
Therefore, the morphological and cultural characterizations alone do 
not provide enough information to establish the identity of the 
isolates. As a consequence, it was necessary to establish profiles 
of the biochemical activities of the isolates. 
Traditionally, the approach to microbial identification 
involves the development of keys or diagnostic tables. 
Identification keys consist of a series of questions that lead 
through a classification system to determine the identity of the 
organism. Unfortunately, the characteristics used in establishing 
these keys must be constant for the particular group. Such a 
requirement excludes many features that have a degree of variability 
and may be helpful in the identification of a microbe. On the other 
hand, diagnostic tables do not suffer from this restriction. Such 
tables summarize the characteristics of the taxonomic groups not 
indicating, however, a hierarchical organization of the tax a. 
Therefore, in the case of variable features, diagnostic tables are 
better than keys for a successful identification of unknown 
microorganisms [3]. 
Computer assisted identification greatly facilitates this 
identification process. The data gathered on an unknown 
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microorganism can be readily compared to the data bank containing 
information on the characteristics of defined taxa. Computer aided 
systems also have been developed to assess the statistical 
probability of correctly identifying a microorganism. These methods 
score the results of phenotypic tests and compare them to the test 
results of already classified organisms [2, 3, 17]. 
Miniaturized commercial identification systems that generate a 
numerical code that can be used to calculate the identity of the 
isolate have been developed. The systems which have been developed 
mainly for clinical purposes include: Enterotube, API 20 systems, 
Minitek, Micro-ID, Enteric Tek, etc •• The test results obtained 
with these systems show excellent correlation with conventional test 
procedures, yielding reliable identifications as long as the isolate 
is one of the organisms the system is design to identify [3]. Most 
of these systems have been developed to identify Enterobacteriaceae 
and related Gram negative bacteria. However API has expanded them 
for the identification of anaerobic bacteria and pathogens such as 
Staphylococcus and Streptococcaceae. 
Since our isolates were mainly Gram negative bacteria, the use 
of one of these systems seemed appropriate. The API systems were 
selected based on their general applicability. These tests were 
used for both direct identification by means of the numerical code 
provided by API for Gram negative and anaerobic organisms and as a 
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standard set of biochemical tests which allowed for the 
identification of isolates (most Gram positive and some Gram 
negative organisms in our particular case) when used in conjunction 
with Bergey's Manual diagnostic tables [5, 20]. 
2.4.1 Identification of the Gram Negative Isolates 
The starting point for the identification of the Gram negative 
organisms was the API strip of tests for biochemical activities 
designed for Enterobacteriaceae and other Gram negative bacteria. 
The biochemical tests provided in the API20E kit and the 
complementary tests API-M, API-OF, and API-OXI (with their 
biochemical principles) are detailed in Tables 2-2 and 2-3. When a 
facultative anaerobe was not identified through the profiles 
obtained from API for the API 20E kit, the isolate was tested with 
the kit API 20A for anaerobes. The description of the tests 
available in such kit is given in Table 2-4; this kit contained the 
following tests not included in the API 20E kit: 
• Lactose 
Mannose 
Maltose 
Salicin 
(d+)Xylose 
Glycerol 
Cellobiose 
Melezitose 
Raffinose 
Trehalose 
• Esculin Hydrolysis 
Utilization 
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The combination of these various kits provided a total of 38 
biochemical activity tests for identification of the isolates. 
Detailed procedures for each of the kits are given in Appendix IV. 
2.4.1.1 Identification of the Isolates by the API Index [2] 
From the data recorded on the API report sheets (see Figures 
IV.1-1 and IV.2-1) a seven digit profile is calculated to summarize 
the results obtained with the API strips and used to identify the 
isolate with the aid of the API data base. To obtain this profile, 
the 21 biochemical tests are divided into seven groups of three as 
noted below for each kit: 
i. API 20E kit: 
ONPG ODC URE VP MAN RHA AMY 
ADH CIT TDA GEL INO SAC ARA 
LDC H,.S IND GLU SOR MEL OXI 
ii. API 20A kit: 
IND MAN MAL ARA GLY MLZ RHA 
URE LAC SAL GEL ca RAR TRE 
GLU SAC XYL ESC MNE SOR CAT 
Only positive reactions are assigned a numerical value. The 
value assigned to a positive reaction is dependent upon the location 
of the test within the group, as follows: 
A value of ONE is assigned to the first test in each 
group. 
A value of TWO is assigned to the second test in each 
group. 
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TABLE 2-2 
BIOCHEMlrAL TESTS IN THE API 20E.'1TEST KIT 
Ies1 Biochemical Principle 
ONPG B-GahdosidaseActivity: the hydrolysis of 0-nitrophenyl-B-D-galoctoside releases 
yellow 0-nitrophenyl. lnoocer: iso-propyl-thio-galoctopyranoslde 
ADH Arginine Dehydrol8S8 Activity: Arginine Ornithine + NH3 + ~. This r~tion 
causes a pH rise in the ocld buffered system, changing the indicator from yellow to 
red. 
LDC Lysine DecarboxylaseActivity: Lysine Cooaverine. The r~tion causes a pH rise in 
the ocld bufferoo system. changing the Indicator from yellow to red 
CIT Citrate Utilization: causes a pH rise, changing the indicator from yellow to roo 
~S Hydr~n Proouction from Thiosulfate: The ~S reocts with iron salts present in 
the medium prooucing o block precipitote 
URE Urease Activity: By the release of ammonia from urea causing a pH rise, changing 
the indicator for yellow to roo 
TDA Tryptophane Deaminase Activity: The proouction of inoolepyruvic ocid from 
tryptophane proouces a brownish color if ferric chloride is present ( see Appendix 
REAG). 
IND lnoole Proouction: From tryptophane metabolism. Kovoc·s r~t forms a 
colored complex ( ptnk) with lnoole ( see Appendix REA6). 
VP Acetoin Proouction: Being an intermediate of glucose metabolism, it is produced 
from sooium pyruvate and detected by the format ion of a colored comp lex ( see 
Appendix REAG). 
GEL Proteolytic Activity: It causes the liquefoction of gelatin, releesing the block pigment 
present in the Kohn ctiarc:ml gelatin, which diffuses through the tube. 
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TABLE 2-2 (CONTINUED) 
BIOCHEMICAL TESTS IN THE API 20E TEST KIT 
I.est Blocherolr&I PcJnctpJe 
GLU eJucose Utilization 
MAN Mannitol Uilization 
INO Inositol Utilization 
SOR 5orbito1 Utilization 
RHA Rhamnose Utilization 
SAC, SUcrose Ut lllzatlon 
MEL Melibiose Utilization 
AMY Amygjalin Utilization 
ARA ( L + )Ar6binose Utilization 
Results in acid formation 80d ~uent pH drop. 
Indicator~ from blue to yellow. 
GLU Nitrate Reduction: Nitrates form a rro complex with sulfanlllc acid and N ,N-
dimethyl- - naphthylamine (see Appendix REAG). In case of a negative reaction, 
fdiition of zinc dust: i) confirms the presence of nitrates by reducing them to 
nitrites ( pink to or~ color); II) completes rrouctlon of nitrates through nitrites 
to nitr~ gas or to an anaerOJ9nic amine ( no color change after zinc fdiitlon) 
MAN 
INO Cata18S8 Activity: By releasing oxygen gas from Hi~ ( see Appendix REAG). 
SOR 
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Jest/Ktt 
OXI/API-OXI 
MOT/API-M 
OF/API-OF 
MAC/-
i 
I 
TABLE 2-3 
TESTS USED TO COMPLEMENT THE API 20E KIT 
Biochemical Principle 
(Mochrome Oxidase Activity: N ,N ,N'N'-tetramethyl-p-phenylene-
diamine is oxidized by this enzyme, producing a purple compound. 
Motility Test: Observed by the growth fN/ft'{ from the inoculation stab 
line. The inclusion of only 0.3i ~ results 1n a semisolid medium 
which permits motile microorgi,nisms to 'TfN' f!NfJ./ from the line of 
irmJlation. 
Oxidation/Fermentation of Glucose: A lowered peptone concentration and 
relatively high carbohydrate concentration results in ocid formation and 
consequent pH drop. The indicator cho~ from blue to yellow. The 
fermentation of glucose is enhanced by the oo:tition of mineral oil to the 
ampule after Inoculation. 
Growth on MocQlnkey ~r: The medium promotes the growth of patho-
genic ~terta. Gram positive bocterla are Inhibited; this test also 
differentiates loctose fermenting Gram m8;JBtive bocilli. 
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TABLE 2-4 
BIOCHEMICAL TEST IN THE API 20A TEST KIT 
Ies1 Biochemical Principle 
IND lnoole Proouction: From tryptophane metabolism. Xylene extrE£ts and concentrates 
the tnoole. Ehrltch's r~nt forms a red complex with lnoole. 
URE UreaseActivity: See Table 2-2. 
GLU Glucose Utilization 
MAN Mannitol utilization 
LAC L~tose utt11zat1on 
SN:, Sucrose utilization 
MAL Maltose utilization 
XYL ( D+ )Xylose utilization 
AAA ( L + )Arabinose utilization 
Gl Y Glycerol Ut111zat1on See Table 2-2. 
GEL Cellobiose Utilization 
MNE Mannose Utilization 
MLZ Melezltose ut111zat1on 
RAF Raff inose Utilization 
SOR Sorbitol utilization 
Rt\Ai Rhmnnose utilization 
TRE Trehalose Utilization 
GEL Proteolytic Activity: See Table 2-2. 
ESC Escu11n Hydrolysis: Results in loss of fluorescence normally observed unrer UV light 
when esculin is present. 
MAN CnlnlmAclivily: See Tnble 2-2. 
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A value of 111REE is assigned to the third test in each 
group. 
A seven digit number is obtained by totaling the positive 
values of each of the seven groups of three. The seven digit number 
is used as the input for the data base for identification. As an 
example, the following results from the API 20E kit are presented: 
ONPG ADH LDC ODC CIT H2 S URE 1DA IND VP GEL GLU 
+ 
1 0 
5 
+ + 
4 1 0 
1 
0 0 0 
4 
+ 
4 0 0 
4 
MAN INO SOR RHA SAC MEL AMY ARA OXI 
+ 
1 0 
5 
+ + 
4 1 
+ + + 
2 4 0 2 0 
7 2 
+ 
4 
The resulting profile is 5 144 572, corresponding to the rod 
Escherichia coli. 
A nine digit profile can be obtained for the API 20E kit by 
adding two digits corresponding to the following characteristics : 
- N0 2 Reduction of nitrate to nitrites only. 
- N2G Complete reduction of nitrate to gas or amines. 
- MOT Observation of motility. 
- MAC Growth on MacConk.ey agar. 
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- OF/0 Oxidative utilization of glucose (OF open) 
- OF/0 Fermentative utilization of glucose (OF close) 
These additional tests are divided into two groups of three 
NO,. MAC 
N1G OF/0 
IDT OF/F 
The seven digit profiles are read after 18 to 24 h of incubation and 
are obtained from the API 20E and API 20A kits. The nine digit 
profiles are read after 36 to 48 h of incubation and are only 
available for the kit API 20E. In the event that the nine digit 
prof He cannot be found in the corresponding section, the seven 
digit profile can be used [2, 3). 
2.4.1.2 Identification of the Isolates Using Diagnostic Tables 
In the cases where the profiles did not compare with the ones 
given in the Analytical Profile Index (API Data Base) for the two 
kits, the resulting profiles were used to identify the organism via 
the diagnostic tables found in Bergey's Manual of Microbiology 
[5, 20). However, in many cases due to the variability contained 
in the diagnostic tables and their probabilistic nature, the profile 
lead to ambiguous identification of the isolate • Since information 
on the probabilistic occurrence of the resulting profiles, as 
provided in the API data base was unavailable, some means of 
discriminating among possible classifications was needed. The 
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Jaccard Coefficient, a commonly used index in microbiology, was used 
for this purpose. This coefficient is based on using all the 
measured characteristics except when the organisms being compared 
are both negative for the same feature. The assumption is made that 
such a feature may be an inappropiate description of the group under 
consideration. The exclusion of an irrelevant characteristic avoids 
an artificial, even nonsensical, similarity between two organisms 
[3, 171. 
The equation for assessing similarities with the Jaccard 
coefficient is 
sj 
= 
L{++~ 
[<++) + \(+-) + [<-+) + \(--) I 
._ 
Where 
s. 
J 
Jaccard Coefficient 
(++) Positive Matches 
(-+). ( +-) Mismatch 
(--) Negative matches 
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2.4.2 Identification of the Gram Positive Isolates 
The identification of the Gram positive isolates (with the 
exception of one case) was done by using the diagnostic tables found 
in Bergey' s Manual of Microbiology [5, 20] and the Jaccard 
coefficient for assessment of similarity described in Section 
2.4.1.2 [3, 17]. 
The biochemical activities were determined by using the API 
20E, API 20A (under aerobic conditions), and the kit API 20S kits. 
This latter kit has been designed for the identification of 
organisms belonging to the Streptococcaceae tua. However, in our 
case it was used as a set of standard biochemical tests 
complementary to the other two kits. The tests not present in the 
kits 20A and 20E, but included in the API 20S kit are 
- p-glucosidase activity 
- N-acetyl-glucosaminidase activity 
- Sorbose utilization 
- Indoxylacetate utilization 
- Alkaline phosphatase activity 
Hippurate hydrolysis 
- Leucine aminopeptidase activity 
- Serine aminopeptidase activity 
- Pyroglutamic acid arylamidase 
- Arginine aminopeptidase 
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- Bemolysis (this test was not included) 
The biochemical tests provided with the kit API 20S and their 
biochemical principles are detailed in Table 2-5, The combination 
of these three kits provided a total of 48 biochemical activity 
tests (excluding the HEM test) for the identification of the Gram 
positive isolates. 
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TABLE 2-5 
BIOCHEMICAL TESTS IN THE API 20S TEST KIT 
Im Biochemical Pciociple 
BEM Esculin Hydrolysis: The r~tion releases 8-glucoside and 6,7-dihydroxy-coumarin. 
The latter compound forms a balck precipitate when complexed with ferric ions. 
MAN Mannltol Utilization 
SOR Sorbitol Ut11izatlon 
GL Y Glycerol UtiliZ8tion 
SBS Sorbose Utilization See Table 2-2 
RAF Rafflnose Utlltzatlon 
LAC Loctose Utilization 
SAC Sucrose Utilization 
TRE Trehalose Utilization 
OLS B-Glucostdase Acttvtty: The octlon on p-nitrophenyl-B-0-glucopyranostde releases 
yellow p-nitrophenoJ. 
NOS N-~tyl-B-D-glucosamlnldase Activity: The octlon on p-nltrophenyl-N-~tyl-B-
D-glucosaminide releases yellow p-nitrophenol. 
NPO .D-Oaltdosidase Activity: The oction on 0-nitrophenyl-B-D-galoctosioo releases 
yeJJc,,y 0-nttrophenol. 
I~ lnooxylooetate Hydrolysis: Relooses inooxyl, which is air oxidizoo first to lndi(J) 
white and then to indi~ blue, a highly colored precipitate. 
PHS Alkaline Phosphatase Activity: The oction of p-nitrophenylphosphate releases yellow 
p-nltropheno I. 
ARO Arginine Utilization: Produces alkaline end products, changing the indicator from 
orange to rat 
HIP Hippurate Hydrolysis: Results in benzoic ocid and glycine proouction. Glycine is 
detectoo by milng nlnhydrtn (seeAppeootx REA8). 
LEU LeucineAminopeptidase Activity: The oction of L-leucyl-4-methoxy-fl-naphthyl-
amide releases B-naphthylamine which complexes with tnb1 p-dimethyl-mnino-
clnnamaloohyde in the presence of ocet ic ocid producing a pink to purple color ( see 
Appendix REA8). 
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TABLE 2-5 (CONTINUED) 
BIOCHEMIOO. TESTS IN API 20S TEST KIT 
Ies1 Biochemical PciocipJe 
SER SerineAminopeptidase Activity: Action ofl-seryl-13-naphthylamioo. The ootection 
Is bosed on the seme principle os the one used in the LEU tube. 
PYR PyroJlutamlcAcldArylamldaseActlvlty: Action on .B-plrrolloonyl-.B-naphthyl-
amlne. Same ootection principle es LEU tube. 
ARL Arginine Amlnopeptldase Activity: Action on L -arglnyl-fl-naphthylamlne. same 
ootection principle es LEU tube. 
HEM Streptolysin O or Streptolysin S Activity: On roo blcm cells. 
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3. RESULTS 
3.1 Isolation Procedure 
Following the methodology described in Section 2 .3 of Chapter 
2 , a total of 38 potentially different isolates were obtained on 
the basis of growth and microscopic characteristics including Gram 
and endospore staining reactions. The chronology of the isolation 
procedure, which provides a key for the isolates designation, is 
given in Appendix V. The 38 isolates were obtained after 15 
generations of cultures spanning over a period of three months. 
Therefore, the average time between transfers was 6 days. 
The resulting isolates and their growth and morphological 
characteristics are listed in Table 3-1. In order to compress the 
information the following key was used : 
1. Growth Characteristics. 
a. Colony Morphology. 
first digit - form: 
0 = circular 
1 = irregular 
2 ::: spindle 
3 = filamentous 
4 = rhizoid 
second digit - elevation: 
0 = flat 
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1 = raised 
2 = convex 
3 = umbonate 
third digit - margin: 
0 = entire 
1 = undulate 
2 = lobate 
3 = filamentous 
4 = curled 
b. Agar Streaks. 
0 = f iliform 
1 = beaded 
2 = rhizoid 
c. Agar Stabs. 
0 = aerobic 
1 = microaerophilic 
2 = facultative anaerobe/aerobe 
3 = strict anaerobe 
2. Microscopic Characteristics. 
a. Cell Morphology and Arrangement. 
first digit - shape: 
0 = cocci 
1 = f i1 a.men t s 
2 = spirals 
63 
3 = rods 
second digit - arrangement: 
0 = single 
1 = pairs 
2 = chains 
3 = te tr ads 
4 = clusters 
third digit - overall relative 
0 = minute 
1 = small 
2 = medium 
3 = large 
four th digit - relative length: 
0 = short 
1 = medium 
2 = long 
fifth digit - relative breadth: 
0 = thin 
1 = medium 
2 = thick 
b. Gram Staining Reaction. 
+ = positive 
= negative 
c. Endospore Staining Reaction. 
+ = positive 
= negative 
64 
size: 
The results presented in Table 3-1 can be summarized as 
follows: 
- Total number of isolates : 38 
- Gram Positive Organisms : 12 
* Endospore Formers : 5 
- Gram Negative Organisms : 26 
- Potential Facultative Anaerobes or Aerobes 16 
• Gram Positive 6 
• Gram Negative 10 
- Potential Microaerophiles 3 
• Gram Positive 1 
• Gram Negative 2 
- Potential Aerobes : 19 
• Gram Positive 5 
• Gram Negative 14 
3.2 Nutritional Characteristics of the Isolates 
3.2.1 Gram Negative Organisms 
The nutritional characteristics of the Gram negative isolates 
are presented in Table 3-2 using the nine digit profile obtained 
through the API code explained in Chapter 2. The nine digit profile 
is generated by combining the results of the tests API 20E, OF, OXI 
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TABLE 3-1 
MORPHOLOOlrAL DESCRIPTION OF ISOLATES 
ISOLATE PIGMENT COLONY STREAKS STABS MORPHOLOOY GRAM SPORE 
MORPHOLOOY AND STAIN STAIN 
ARRANGEMENT 
A ora~ 010 0 0 022 + + 
B white 010 1 0 31221 + 
C white 031 1 2 31202 
D yellow 020 0 0 022 + 
E tan 020 0 0 31221 + 
f white 003 1 2 31322 + + 
0-3 while 023 1 2 31211 + 
G-4-1 white 010 1 2 30211 
0-4-2 tan 010 1 0 31211 
H-2-1 white 020 1 2 011 
H-2-2 white 023 t 0 0 t 1 
H-3-1 t8fl 010 0 0 31101 
H-3-2 white 010 0 0 30000 
1-1-2 t8fl 001 1 0 30211 
1-2-1 none 001 2 0 022 
1-2-21 tan 000 1 2 011 
1-2-22 tan 000 1 2 042 
1-3 none 001 2 1 042 
J white 010 0 2 042 + 
K-1 ten 010 1 2 31211 
K-2 white 010 1 1 10211 
L tan 001 1 0 30220 + 
M white 120 0 2 31101 
N yellow 124 2 0 31211 
0-1-1 wh1te 002 1 2 33102 
0-1-2 white 001 1 2 31102 
p tan 001 0 0 31211 
Q-1-1 white 020 0 0 022 
0-1-21 yellow 010 0 1 043 + + 
Q-1-22 tan 010 1 2 31302 + + 
R ton 011 0 2 31111 + + 
5-1 yellow 010 1 0 311110 
S-2 tan 010 1 0 30120 
T yellow 010 0 0 013 
U-1 orange 013 t 2 34302 + 
U-2 white 012 1 0 003 
V white 024 0 2 30323 
w whtte 010 0 0 31302 
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and M. Isolates V and W were also assayed with the test AP! 20A to 
clarify their identification. 
The detailed results from the biochemical tests from which 
profiles were derived are presented in Appendix VI. 
3.2.2 Gram Positive Organisms 
The nutritional profiles for the Gram positive isolates are 
presented in Table 3-3; these profiles include the one nine and two 
seven digit numbers generated using the AP! kits 20E, OF, OX!, M, 
20A and 20S. Again, the detailed results for the biochemical tests 
from which these profiles were calculated are given in Appendix VI. 
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TABLE 3-2 
BIOCHEMICAL PROFILES OF THE GRAM NEG6iTIVE ISOLATES 
ISOLATE APl20E APl20A 
PROFILE PROFILE 
C 7046124-57 
0-4-1 5005773-17 
0-4-2 0000000-11 
H-2-1 5015773-67 
H-2-2 1230004-41 
H-3-1 0210004-63 
H-3-2 0211006-63 
1-1-2 5126572-47 
1-2-1 0002004-01 
1-2-21 5140572-47 
1-2-22 4104572-47 
1-3 0000000-01 
K-1 3046127-57 
K-2 0202004-40 
M 5025773-27 
N 0000044-63 
0-1-1 5104572-47 
0-1-2 5104572-47 
p 0211006-63 
0-1-1 0000000-01 
S-1 2200006-13 
S-2 2202012-13 
T 0054016-10 
U-2 0001000-01 
V 7046727-57 5517742 
w 7125563-57 3324567 
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TABLE 3-3 
BIOCHEMICAL PROFILES OF THE ORAM P°'51TIVE ISOLATES 
ISOLATE 
A 
B 
D 
E 
F 
0-3 
J 
L 
Q-1-21 
0- 1-22 
R 
U-1 
API 20E 
PROFILE 
0000000-00 
0050000-10 
1044120-10 
0010000-10 
2242000-50 
7325573-56 
0010000-10 
0055120-12 
2242004-50 
2350521-67 
1006121-46 
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APl20A 
PROFILE 
0000004 
2000004 
0000004 
2000004 
4036036 
6755667 
4755702 
2000004 
6010106 
4006006 
4436616 
4501706 
APl20S 
PROFILE 
0040022 
0000022 
4240072 
0040010 
4044200 
7355760 
0040002 
2040300 
4204213 
5204651 
6400300 
3.3 Identification of the Isolates 
The identification of the isolates was done on the basis of 
morphological and nutritional characteristics according to: 
- API 20E Index for the Gram negative organisms, when the 
seven or nine digit profile was found in such index. 
- API 20A Index for the Gram positive isolate J, since its 
seven digit profile was found in the index. 
- Diagnostic tables from Bergey's Manual [5, 20] and Jaccard 
Coefficient to assess similarities for all the cases where 
the seven or nine digit profiles did not match any of the 
ones recorded in the aforementioned data bases. 
The identification of each isolate is given in Table 3-4; also 
included in this table are: 
1. Estimated frequency of occurrence of the profile for the 
indicated identity. This can be understood by the 
following example: if the frequency is to be said 1/8, it 
means that if considering randomly 8 samples of the 
isolate, we have an estimated one chance out of eight of 
encountering a similar profile to the one obtained using 
the API test kit. 
2. Jaccard coefficient for the assessment of similarity (S.) J 
for the cases where the diagnostic tables were used. 
3. The tests against the choice (mismatches), indicating 
results from the biochemical kits which do not support 
the identification. 
In the cases of ambiguous classifications, only the first and 
second choices for categorization of the isolate are indicated in 
Table 3-4. These results are the first choices of identities are 
used to present a listing of species found in the wastewater sample 
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in Table 3-5. In several cases for which the correlation index used 
indicated a low selectivity for identification, the identity of the 
isolate was 'estimated' by weighting the biochemical and 
morphological test results with the nature of the system from which 
the original sample was obtained and the probability of occurrence 
of the species or genera in that ecosystem. 
It is interesting to note that no fungi were found in our 
sample, since the morphological characterization corresponded only 
to that of bacteria. 
Table 3-5 indicates that the original of 38 tentative isolates 
are represented by 25 different species of bacteria. These 25 
species belong to only 20 different genera; several of them belong 
to related or the same families of organisms. 
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TABLE 3-4 
IDENTIFIC'ATION OF THE ISOLATES 
ISOLATE IDENTIFIC'ATION FREQUENCY OF JNXARD 
OCCURRENCE COEFFICIENT 
A Sporosarctna sp. 5/5 
B Mycobocterium kansasii 7/7 
C Aeromonas hydrophila 1/182 
V1brto cholerae 1/8869 
D Microoxcus varians 7/9 
M lcrococcus roseus 6/6 
E L lsteria oonitrif icans 5/6 
F Bocillus licheniform is 8/9 
Boclllus subt111s 8/10 
G-3 Loctobocillus p lantarum 16/21 
Listeria murrayi 14/17 
0-4-1 Klebsiella pneumonioe 1 /18 
Enterobocteriae aer(93085 1 / 1166 
0-4-2 Acinetobacter calcoo::eticus 1/33 
var. lwoffii 
Acinetobocter sp. 1/4405 
H-2-1 Klebsiello pneumonioe 1/11 
Enterobocterioe oer~nes I /4 x 103 
H-2-2 Methylomonas sp. 9/10 
Methylococcus sp. 8/10 
H-3-1 Alcaligenes oonitrificans 1/12 
Agrobocter tum rootobocter tum 1/2617 
H-3-2 PseucDnonas pickettli 8/8 
Methy lomonas methancxJens 7/8 
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TESTSAG6i1NST 
CHOICE 
ADH,ODC 
ARL ,XYL 
GLU 
GLU 
GLU,ADH 
ADH ,RHA ,SAL ,MEL , 
CEL 
56.C,MEL ,XVL 
ODC,CIT 
NOi 
OXl,MAC 
ODC ,CIT ,URE 
CIT 
CIT ,MOT 
ONPG,N~ 
GLU 
/\ 
h 
'.1 
' 
J 
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TABLE 3-4 (CONTINUED) 
IDENTIFICATION Of THE ,runs 
ISOLATE IDENTIFICATION FREQUENCY Of JN£ARD 
OCCURRENCE COEFFICIENT 
1-1-2 Aerom008S caviae 14/20 
Vi br to gazogenes 14/19 
1-2-1 Flavobocter1um cmratum t /15 
Moroxello sp. 1/53 
1-2-21 Eschertchta co11 1/6408 
Kuyverasp. 11106 
1-2-22 Escherichia coli 1/322 
Serratia liquefaciens 1/105 
1-3 Acinet~ter relcooceticus 1/3 
var. lwoffii 
Acinetobocter sp. 1/6531 
J Clostrldium beijerlnck i I 1/83 
Clostrldium israelil 1/3119 
K-1 Vibrio nuvlalls 1/18 
AeromonBS hydroph i I iae 1 / 116 
K-2 Splrillum sp. 5/8 
Gampylobocterium sp. 5/6 
L Listeria renitrif icans 5/6 
M Klebsielle pneumoniae 1/6 
Enterobf£teriae eerOJ8(leSe 1/148 
N Azotobacter sp. 6/8 
Halobacterlee volcanl I 6/8 
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TESTSAG4\INST 
CHOICE 
MOT,~ 10DC, 
TDA,RHA,ONP6 
ADH,N20,MEL, 
CIT ,OOC 
CIT 
GEL.MAC 
GLU,RHA 
CIT ,OLU,SOR,AMY 
IND 
CIT ,RHA,AMY 
OXI/MAC 
RAF 
GLY 
GEL 
r.AT ,~S,GEL 
N~ 
GLU 
MAN,H2S 
N2G,Hi5 
i, 
it 
!'i 
'.! 
·~ 
i· i, 
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ISOLATE 
0-1-1 
0-1-2 
p 
0-1-1 
Q-1-21 
IDENTIFICATION 
Escherichia coli 
Serratia liquefaciens 
Escherichia coli 
Serratia liquefaciens 
Pseuoomonas sp. 
Azotobacter sp. 
TABLE 3-4 (roNTINUED) 
IDENTIFICATION OF THE ISOLATES 
FREQUENCY OF JNXAAD 
OCCURRENCE COEFFICIENT 
1/322 
1 /loS 
1/322 
1 / 105 
8/8 
6/7 
Actnet~ter calcm::eticus 1/3 
var. lwoffii 
Acinetobtder sp. 1/6531 
Sporosarcina ureae 6/9 
Q-1-22 Bm;illus pasteurii 7/8 
Bacillus firmus 6/9 
R B~I I lus cirucl61lS 10/ 11 
Baci 1 lus laterosporus 9/9 
S-1 Pseucbnonas fluorescens 1/180 
Pseuoomonas sp. 1/105 
S-2 Pseuoomonas fluorescens 9/12 
T Neisserio mucoso 717 
U-1 Ltdob~illus xylosus 12/15 
Lactobacillus grayi 8/10 
U-2 Acinetorn,;ter cal~ticus 1/19 
var. lwoffii 
Ac1netOM:ter sp. 1/9 X 105 
V Aeromonas hydrophila 13/ 16 
Aeromonas caviae 13/14 
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TESTS~INST 
CHOICE 
IND 
CIT ,RHA, AMY 
IND 
CIT ,RHA,AMY 
OXl,MAC 
Gl U ,MAN ,MOT 
URE 
I ND ,MAN ,OF /0 
MAN 
ADH,CIT ARA 
OXI ,SAC,SOR 
MAL ,SAC ,XYL 
s,.r,,LAC 
VP 
VP,OXl,MAC 
~S,VP,~G . 
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TABLE 3-4 (CONTINUED) 
IDENTIFICATION Of THE ISOLATES 
ISOLATE IDENTIFICATION FREQUENCY Of JACCARD TESTSAGAilNST 
w Aeromonas hydrophi la 
Aeromonas cavtae 
OCCURRENCE COEFFICIENT CHOICE 
13/ 16 H2S,VP ,N2G 
13/14 ODC 
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TABLE 3-5 
SUMMARY OF MICROORGANISMS IDENTIFIED IN A 
PHOSPHORUS-REMOVING SLUDGE S'\MPLE 
MICROOR<Y\NISM 
Aclnetobocter calcoocetlcus var. lwoffll 
Aeromonas caviae 
Aeromonas hydrophila 
Alcali~nes oonitriftcans 
Azot~ter sp. 
Boclllus clrculans 
Bocmus pasteurll 
Bocillus licheniformis 
Clostrldlum belJerlnck I I 
Escherichia coll 
F 16VObocterlum <rl>ratum 
Klebsiella pneumoni88 
Loctobocillus plentarum 
Loctobocl11us xylosus 
Listeria oonitrif icans 
Methylomonas sp. 
Mlcrococcus varlans 
Mycobocterium sp. 
Nelsseria mucosa 
Pseuoomonas fluorescens 
Pseuoomonas pickettii 
Splrlllum sp. 
Sporosorcina sp. 
Sporosarcina ureae 
Vibrio fluvlalls 
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ISOLATES 
6-4-2 1-3 Q-1-1 U-1 I I I 
1-1-2 
C,V,W 
H-3-1 
N 
R 
Q-1-22 
F 
J 
1-2-21 , 1-2-22 I 0-1-1 , 0-1-2 
1-2-1 
H-2-1 6-4-1 M 
' ' G-3 
U-1 
E,L 
H-2-2 
D 
B 
T 
S-1 S-2 
' H-3-2 P I 
K-2 
A 
Q-1-21 
K-1 
4. DISCUSSION 
The microorganisms identified are organized according to their 
respective taxonomic groups and their principal metabolic features 
in Table 4-1 [5, 20]. The occurrence of polyphosphates and the 
oxygen requirements for all the genera identified in the sample are 
summarized in Table 4-2. 
From the 20 different genera found (which include 25 different 
species), only nine can be responsible of the phosphorus removing 
activities. These nine organisms and their major features are 
summarized in Table 4-3. 
From the information presented in Table 4-3: 
- Five genera have a strictly respiratory metabolism. 
- One genus is microaerophillic. 
Two genera can grow anoxically in the presence of nitrate. 
- One genus is a facultative anaerobe. 
- Four genera are potential poly-~-hydroxybutyrate 
accumulators (three aerobes, one microaerohile). 
- One genus is a potential glycogen accumulator (facultative 
anaerobe). 
These results are in agreement with the findings reported by 
other authors [16, 4]. Analysis of these results under the light of 
the proposed metabolic schemes for polyphosphate/PHB [25, 9, 19] or 
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polyphosphate/glycogen [30) schemes indicates that the aerobic 
bacteria are primarily responsible for the phosphorus removal under 
the anaerobic/aerobic sequencing. On the basis of the biochemical 
model presented in the Introduction and the preceding discussion, 
the most likely genera found responsible for the biological removal 
of phosphorus are: Acinetobacter, Azotobacter, Pseudomonas, and 
Spirillum. All these genera have a strictly respiratory type of 
metabolism; however, the genus Pseudomonas is capable of using 
nitrates as a terminal electron acceptor under anoxic conditions. 
Moreover, these genera are also reported to accumulate 
poly-~-hydroxybutyrate which would support the interdependence of 
this metabolic feature and the accumulation of polyphosphates 
[9, 25, 19). The study conducted by Brodi sch and Joyner [4] only 
indicated that Pseudomonas is an alternative to the ever popular 
Acinetobacter genus as a phosphorus removing organism. 
Again, it is interesting to note that no fungi or any other 
eukaryotes were found in the wastewater sample examined, as well as 
the fact that aerobic organisms seem to predominate over the 
facultative anaerobic and the anaerobic species. 
By no means can the results obtained be assumed to be absolute 
in their representation of the biota of phosphorus removing systems. 
As indicated, these results only represent the bacterial flora found 
in the sample taken on September 10, 1984, at 10:30am from Plant #1 
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at the City of Largo Advance Wastewater Treatment. As a 
consequence, these results must be interpreted as representing one 
data point in a continually varying system. 
The relative proportions of the different bacterial species 
present in the sample cannot be established from these results. The 
objective of the experimental work was to describe only 
qualitatively the microflora present in such a sample. 
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TABLE 4-1 
TAXONOMIC ORa«\NIZATION Of THE ISOLATES 
SPIRAL AND CURVED BACTERIA 
Genus: Spirillum 
lntr~llular poly-B-hydroxybutyrate formed 
M icroaerophi lie 
Metabolism: strictly respiratory 
Terminal electron ~ptor: 02 
Cytochrome c present 
Carbon sources: salts of organic ocids 
Metabolizes poly-B-hydroxybutyrate as an encb1lnous enerw source if not present 
in the medium 
Polyphosphate granules retected 
GRAM NE&\TIVE AEROBIC RODS AND rox;1 
family: Pseuoomonoceae 
Genus: Pseuoomonas 
Chemoorganotrophs 
Metabolism: strictly respiratory 
Terminal electron acceptor: Ci and N~ ( under anoxic conditions) 
Cytochrome c absent 
Tricarboxylic ocid cycle ( TCA) present and in central position 
Hexoses (BJrimj by Entner-DucdJroff pathway (EDP). Embren-Meyerhof pathway 
( EMP) operates as an alternative if EDP is blocked. 
fatty ocids can be used as carbon and energy sources Incorporated as ~tate and then 
to the TO\ as ~tyl CoA. by a fl-oxidation enzyme. 
Poly-8-hydroxybutyrate accumulated 
Polyphosphates detected. 
Family: Azotobocter~ 
Genus: Azotobocter 
Chemoorganotrophs 
Ob 11gate aerobes 
N2 fixation capabilities 
Carbon sources: carbohydrates and organic ocids used 
Acid proouction from sugars and alcohols 
Accumulate poly-J3-hydroxybutyrate 
Accumulate polyphosphates 
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TABLE 4-l(CONTINUED) 
TAXONOMIC ORGANIZATION OF THE ISOLATES 
Family: Methylococcoceae 
Genus: Methylomonas 
Can use CH4 as sole carbon source under aerobic or microaeroblc conditions. Only 
other carbon sources ere methanol and formaldehyde. 
Metabolism: strictly respiratory 
Cytochromes c, a, o and b present 
Family: Halobacterioceae 
Genus: Halobacterium 
Chemoorganotrophs 
Carbon sources: amino acids and sugars 
Metabolism: strictly respiratory; however, some focultatlve anaerobes ( growing 
with or without N~) have been detected. 
Require high NaCl concentrations ( 2.5 M) to grow 
Family: Nelsserloceae 
Genus: Neisseria 
Chemoorganotroph ic 
Metabolism: aerobic 
Acid proouced from sugar metabolism 
Polysoccharioos proouced 
Cytochrome c present 
Genus: Actnetobacter 
Metabolism: strictly respiratory 
Terminal electron ~ptor: 02 
Cannot reduce nitrates 
Grows on basal salts medium 
Carbon sources: salts of organic ocids 
Poly-B-hydroxybutyrate occumulated 
Polyphosphates detected 
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TABLE 4- l(CONTINUED) 
TAXONOMIC ORGANIZATION OF THE ISOLATES 
Genera of Uncertain Affiliation: 
Flavobocterium 
Metabolism: strictly respiratory 
Terminal electron occeptor: 02 
Cytochrome c present 
Chemoorganotrophs 
Do not accumulate poly-B-hydroxybutyrate respite the foct the they can grow on 
B-hydroxybutyrate 
A lea li(13fles 
Chemoorganotrophs 
Carbon sources: variety of organic ocids and amino ocids 
Metabolism: strictly respiratory 
Terminal electron occeptor: o2 
Some species capable of anoxic growth in the presence of N~ 
Poly-B-hydroxybutyrate not ootected 
Polyphosphates ootected 
GRAM NEGATIVE FACUL TATIVE ANAEROBIC RODS 
Fam I ly: E nterobocter loceae 
Genus: Escherichia 
Chemoorganotrophs 
Anrero;Jenlc 
Cytochrome c present 
Acetate can be used as sole carbon source but not citrate 
Carbohydrates fermented with pyruvate proouction; pyruvate further converted to 
loctic, ~tic and formic ocids. 
Polyphosphates ootected 
Reserve polymer: glycogen 
Genus: Klebslella 
Metabolism: respiratory and fermentative 
Cytochrome c absent 
Some anaercgmic strains occur 
Carbon sources: glucose and citrate 
6Jucose fermented with octd and gas proouction 
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TABLE 4-1 (CONTINUED) 
TAXONOMIC ORGANIZATION Of THE ISOLATES 
Family: Vibrionoceae 
Oenus: Vibrio 
Chemoorganotrophs 
MetaboHsm: respiratory and fermentative 
Universal electron a::ceptor: ~ 
Cytochrome c present 
Carbon sources: diverse 
EMP used for glucose metabolism 
Inducible EDP for 0-gluconate metabolism 
Glucose fermented to mixed acids ( formic. ocetic, lactic, succinic. and pyruvic) and 
ethonol 
No known reserve polymers 
Genus: Aeromont1S 
Metabolism: respiratory and fermentative 
Chemoorganotrophs using a variety of sugars and organic acids as carbon sources 
Cytochrome c present 
Carbohydrates metabolized to acid or acid and gas ( ~ + H2) 
GRAM POSITIVE COCCI 
Family: Micrococcaceae 
Oenus: Micrococcus 
Chemoorganotrophs 
Metabolism: strictly respiratory 
Terminal electron acceptor: ~ 
Carbon sources: pyruvate, acetate, lactate, succinate, glutamate and carbohydrates 
Hexose monophosphate pathway and TC.A eycle present 
Functtonal glycolys1s may be present 
ENDOSPORE FORM I NO RODS AND COCCI 
Family: Bacilloceae 
Genus: Bacillus 
Chemoorganotrophs 
Metabolism: can be strictly respiratory ( as in the species ioontified) 
Terminal electron tneptor: 02 
Acid prooured from carbohydrates 
Polyphosphates ootected 
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~-·· TABLE 4-l(CONTINUED) 
TAXONOMIC ORGANIZATION Of THE ISOLATES 
Genus: Clostridium 
Metabolism: anaerobic 
Chemoorganotrophs 
Fermentation prooucts: ocetic and butyric acids 
Genus: Sporosarcina 
Chemoorganotrophs 
Metabolism: strictly respiratory 
Term1nal electron acceptor: ~ 
Grows only in complex media 
GRAM POSITIVE ASPOROOENOUS ROD SHAPED BACTERIA 
Femily: Lactobacillace6e 
Genus: Lactobacillus 
Metabolism: fermentative (even in the presence of air) 
Complex organic requirements 
Lactic acid proouced 
Genus of Uncertain Affiliation: Listeria 
Chemoorganotrophs 
Lactate but not gas produced from carbon metabolism 
Nitrates reduced to nitrites 
ACTINOMYCETES AND RELATED ORGANISMS 
Family: Mycobacteriaceae 
Genus: Mycobacterium 
All aerobic, although from dispersed seeding In tubed ~r medium, growth of some 
species occurs in the depths of the medium 
Lipid content of cells ( especially the walls) is high, including waxes composed of 
chloroform soluble mycolic (fatty) acids ( approximately 80 carbon chains) 
Slow growers 
Polyphosphate accumulation reported 
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TABLE 4-2 
OCCURRENCE OF POLYPHOSPHATES IN THE ISOLATES 
GENUS OXYGEN POLYPHOSPHATE REFERENCE 
REQUIREMENT OCCURRENCE 
A lca li(Jmes aerobe1 + Murata ( 80) 
Acinetobcder aerobe t Fuhs & Chen ( 75) 
Aeromonas f f£ll ltat ive anaerobe 
Azotobocter aerobe + Zaltseva & LI ( 6 1 ) 
Bocillus oorobe t Saymona ( 79) 
Clostridium anaerooe 
Escherichia focultative anaerobe t Kornberg ( 56) 
Flavobocterlum aerobe 
Halobocterium aerobe 
Klebsiella focultative anaerobe 
Loctobocillus focultative anoorobe 
Listeria m lcroaerobe 
Methylomonos oerobe 
M icrococcus oorobe t Murata ( 80) 
Mycobocter i um aerobe t Mull1 ( 58) 
Neisseria aerobe 
Pseuoomonas aerobe1 t Sawyer ( 71) 
Spirillum m icroaerobe t Ebel ( 52) 
Sporosarcina aerobe 
Vibrio focultatlve a~robe 
1 Unoor anoxic ronditions ~n use N~ as terminal electron occeptor 
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TABLE 4-3 
POLYPHOSPHATE ACCUMULATING CANDIDATES 
GENUS ACCUMULATION OF GRANULES OF OXYGEN 
POLYPHOSPHATE POLY-fl-HYDROXY- GLYCOGEN REQUIREMENT 
BUTYRATE 
Ac i netobocter + + aerobe 
Alcaligenes + eerobe1 
Azotobocter + + aerobe 
Bocillus + oorobe 
Escherichia + + focultative 
anaerobe 
Micrococcus + aerobe 
Mycobocterium + aerobe 
Pseuci:Jmonas + + aerobe1 
Spirillum + + m icroaerobe 
1 can grow anoxlcally In the presence of N~ 
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S. CONCLUSIONS 
1. Twenty five different species of bacteria, belonging to 
twenty different gen er a were found in the sludge sample 
characterized, The identified species are summarized in 
Table 5-1. 
2. All the microorganisms identified in the sample belong to 
the kingdom of Procaryotae, No fungi were found in the 
sample. 
3, There was a wide variety 
however, there seems to 
negative aerobic bacteria. 
of bacteria in the 
be a predominance 
sample; 
of Gram 
4, In the light of the former observation, the suggested 
biochemical models (see Introduction), and the 
information presented in the Discussion section, the most 
likely genera to be responsible for the phosphorus 
accumulation are: Acinetobacter, Azotobacter, Pseudomonas 
and Spirillum. 
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TABLE 5-1 
MICROORGANISMS IDENTIFIED IN A WASTEWATER Sc\MPLE 
ORIGINATING FROM A PHOSPHORUS REMOVING ACTIVATED SLUDGE PLANT 
M ICROOR6AN1SM 
Alcali930es oonitrificans 
Acinetobocter calcooceticus var. lwoffii 
Aeromonas cav1ae 
AeromoMS hyclrophilo 
Azotobocter sp. 
Bocmus c1rculans 
Bocillus lichenformis 
Bocillus pasteurii 
Clostridium beijerinckii 
Escherichia coli 
Flavobocter1um ocklratum 
K lebsiella pneumoniae 
LEdobocillus plantarum 
Loctoboc11lus xylosus 
Listeria oonitrif icans 
Methylomonas sp. 
Micrococcus varians 
Mycobocterium sp. 
Neisser1a mucosa 
Pseuoomonas fluorescens 
Pseuoomonas pickettii 
Sp1rmum sp. 
Sporosarcina sp. 
Sporosarcina ureae 
Vibrio fluvialis 
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NUMBER Of 
ISOLATES 
1 
4 
1 
3 
1 
1 
1 
1 
1 
4 
1 
3 
1 
1 
2 
1 
1 
1 
1 
2 
2 
1 
1 
1 
1 
6. RECOMMENDATIONS 
1. Three interrelated 1 ines of research can be generated 
using the results presented in this report: 
a. A study of the dynamic behavior of the microbial 
flora of the wastewater treatment process, 
conducted by assessing the relative proportion of 
the different genera and its variation at the 
different stages of the process. 
b. A study using a defined mixture of the genera found 
in this work, subjected to the anaerobic/ aerobic 
sequencing under sterile conditions. This work 
should be conducted along similar lines to the one 
indicated for the wastewater treatment system. 
From the results of these works, dynamic population 
models can be generated, and from these, 
subsequently, models for the metabolic processes 
can be assessed. 
c. An assessment of the small scale system ABFD sludge 
as indicated before should be performed to 
determine the microbiological similarities of these 
systems. 
2. Some emphasis should be placed on determining whether or 
not microorganisms other than bacteria, such as algae, 
fungi or other eukaryotes, may play a role in the 
biological removal of phosphorus in wastewaters. 
3. The possibility of interdependence among microorganisms, 
in the form of symbiotic or prey-predator relationship, 
for their survival under those conditions typically used 
for biological phosphorus removal should be investigated. 
4. This process should be studied comprehensively as any 
traditional fermentation process in order to unveil the 
mechanisms involved in the biological removal of 
phosphorus. 
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I. Reagent Compositions for the API Kits 
1. API 20E Kit: 
a. Kovac's Reagent: 
- n-amyl-alcohol: 150 ml 
- p-dimethyl-aminobenzaldehyde: 10 g 
- concentrated HCl: 50 ml 
b, Ferric Chloride: 10% aqueous solution. 
c. Alpha-naphthol Reagent: 
- a-naphthol: 0.8 g 
- absolute ethanol: 13.3 ml 
d. Potassium Hydroxyde: 40% aqueous solution. 
e. Sulfanilic Acid Reagent: 
- sulfanilic acid: 8 g 
- 5 N acetic acid: 1000 ml 
f. N,N-dimethyl-a-naphthylamine Reagent: 
- N,N-dimethyl-a-naphthylamine: 5 ml 
- 5 N acetic acid: 1000 ml 
g. Hydrogen Peroxide: 1.5% aqueous solution. 
2. API 20A Kit: 
a. Ehrlich's Reagent: 
- p-dimethyl-aminobenzaldehyde: 4 g 
90 
95% ethanol: 380 ml 
- concentrated HCl: 80 ml 
b. Bromcresol Purple: 0.02% aqueous solution. 
c. Xylene: 5 ml 
d. Hydrogen Peroxide: 3% aqueous solution. 
3 . API 20S Kit : 
a. Ninhydrin Reagent: 
- ninhydrin: 35 g 
- 2-methoxy-ethanol: 1000 ml 
b. Cinnamaldehyde Reagent: 
- p-dimethylaminocinnamaldehyde: 0.15 g 
- 2-methoxy-ethanol: 50 ml 
- glacial acetic acid: 25 ml 
- sodinm-dodecyl-sulfate: 25 g 
- distilled water: 1000 ml 
4. API-OXI Kit: 
a. Oxidase Reagent: 1% N,N,N' ,N'-tetramethyl-p-
phenylenediamine in 0.2% ascorbic acid. 
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II. Medium Compositions used for the API Kits 
1. Kit API 20A: API Anaerobe Basal Medium. 
- Trypticase(BBL): 5 g 
- Yeast Extract(Difco): 5 g 
- Sodium Chloride: 2.5 g 
Sodiun Sulfite: 0.1 g 
- L-Tryptophane: 0.2 g 
- 3-Phytylmenadione: 0.01 g 
- L-Cystine: 0.4 g 
- Hem in: 0. 01 g 
- Distilled Water:1000 ml 
2. API-M Kit: Motility Medium. 
- Ileart Infusion Broth: 2.5% 
- Gelatin: 5.3% 
- Agar: 0.3% 
- Potassium Nitrate: 0.1% 
3. API-OF Kit: 
- Glucose: 1 % 
- Tryptone: 0.2% 
- Sodium Chloride: 0.5% 
- Dipotassium Phosphate: 0.03% 
- Agar: 0.3% 
- Bromothymol Blue: 0.008% 
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III. Staining Procedures 
III.1 Gram Staining Procedure 
The Gram staining procedure was done by fol lowing the steps 
given below [27]: 
- Place a small, clean drop of distilled water on the slide 
using the transfer loop. 
- Flame the transfer needle and remove a portion of the 
colony onto the transfer needle. Emulsify the growth in 
the drop of water on the slide, spreading the drop to 
approximately the size of a dime. 
Allow the smear to air dry. Then, by passing the slide 
through the flame (right side up) two or three times, fix 
the smear. 
Stain the smears with crystal violet solution for 1 min, 
wash off the excess stain gently with cold tap water. 
- Flood the slide with Gram's iodine solution, allowing it 
to remain for at least 1 min. Remove it by rinsing with 
tap water. 
- Holding the slide at an angle, apply the decolorizer 
dropwise directly onto each specimen. Decolora tion is 
comp! ete when the sol vent flows color! ess off the side. 
Wash with tap water to remove the decolorizer. 
- Flood with safranin solution allowing it to remain on the 
slide for 1 min. Wash off with cold tap water. 
- Blot excess water and examine microscopically under oil 
immersion lens. 
The Gram staining reagent compositions are given in Table 
III.1-1. 
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COMPOUND 
Gentian Violet Solution: 
Crystal Violet Stain 
Methanol 
Ammonium Oxalate 
Gram's Iodine Solution: 
Iodine 
Potassium Iodide 
Decolorizer : 
Acetone 
Isopropyl Alcohol 
Safranin Solution: 
Safranin D 
REAGENT 
0.5 11/o(w/v) 
20 %(w/v) 
0.8 11/o(w/v) 
0.33%(w/v) 
0.66%(w/v) 
25 %(w/v) 
75 %(w/v) 
1 Cl/o(w/v) 
Table III.1-1: Gram Staining Reagent Compositions [15) 
III.2 Endospore Staining Procedure 
The procedure for endospore staining is [27): 
- Prepare and fix a smear of each culture (see Appendix 
III.1). 
- Flood the slide with Malachite Green staining solution 
( 5%(w/v)). 
- Heat the slide gently until it steams; allow the solution 
to remain 2 to 3 min. More solution may be added to 
prevent drying. 
- Wash the slide with tap water and then apply Safranin 
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solution (from the Gram stain kit) for 30s. 
Wash the smear, blot dry, and examine using the immersion 
objective. The spores stain green, the vegetative cells 
red. 
95 
IV. Procedures for the API Biochemical Tests 
IV.1 Procedure for the Kit API 20E [2] 
1. Preparation of the Bacterial Suspension. 
a. Add 5 ml of 0.85% saline solution (pH 5.5-7.0) to a 
sterile test tube. 
b. With a flamed inoculating loop, obtain a loopful of 
the isolate to be tested and thoroughly mix with 
the saline. 
2. Preparation of the Strips. 
a. Set up an incubation tray and lid. 
b. Dispense 5 ml of tap water into the tray to provide 
a humid environment during incubation. 
c. Place one strip in each tray. 
3. Inoculation of the strips. 
a. Remove the cap from the tube 
bacterial suspension, insert and 
sterile Pasteur pipette. 
containing the 
fill a 5 ml 
b. Tilt the strip and fill the tube section of the 
tubes by placing the pipette against the side of 
the cupule. 
c. The ADH,LDC,ODC,H 2 S,and URE tubes should be lightly 
underf illed. 
d. Fill both tube and cupul e of the CIT, VP, and GEL 
tubes. 
e. After inoculation, completely fill the cupule of 
tubes indicated before with sterile mineral oil. 
f. Using the excess of bacterial suspension.inoculate 
two Luria plates as a purity check. and for the 
oxidase test. Also inoculate a MacConkey agar 
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plate to test for growth. 
4. Incubation of the Strips and Plates. Incubation is 
carri~d out in a non CO 2 incubator for 18 to 24 hat 35 
to 37 C. All the strains were tested for growth at this 
temperature. 
5. Reading the Strips. 
a, After 18 and before 24 h of incubation, record al 1 
reactions not requiring the addition of reagents. 
b. If the GLU tube is negative (blue or green) and : 
- there are Oto 2 positive reactions,reincubate 
for another 18 to 24 h. Run OF and M tests. 
- there are 3 or more positive reactions, see 
next step. 
c. If the GLU tube is positive (yellow) 
perform oxidase test using a portion of growth 
from the 20E bacterial suspension plate. 
- perform OF and M tests. 
- add reagents to TDA and VP tubes (see Appendix 
I) • 
- add Kovac' s reagent to the IND tube (see 
Appendi.I I). 
- perform nitrate reduction test especially on 
all oxidase positive organisms (see Appendix 
I). 
- test catalase activity by adding 1.5% II 20 2 to 
the MAN, INO,and SOR tubes (see Appendix I). 
d. Record reactions on report sheet (see Figure 
IV.1-1). 
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IV. 2 Procedure for .,the Kit API 20A [2] 
1. Preparation of the Strips. Follow the procedure used for 
the kit 20E (Section IV.1). 
2. Preparation of the Bacterial Suspension. Prior to 
inoculation of the API anaerobic basal medium (see 
Appendix II), the colonies should be picked from a fresh 
culture on a non selective medium using a loop. After 
snapping off the top of the ampule, emulsify the colonies 
in the medium as quickly as possible. The final density 
of the suspension should be equal to or greater than that 
of a #3 MacFarland turbidity standard (see Table IV.2-1). 
3. Inoculation of the Strips. 
a. Remove the cap from the ampule.insert and fill a 
sterile 5 ml Pasteur pipette. 
b. Tilt the incubation tray and fill the tube section 
of the tubes. 
c. Fill both the tube and the cupule of the GEL tube. 
d. After inoculation, completely fill the cupule 
section of the IND tube with sterile mineral oil. 
4. Incubation of the Strips. 
a. For the facul tative enaerobes, the strips were 
incubated at 35 to 37 C under anaerobic conditions 
in a Gas-Pak anaerobic jar, The anaerobic 
atmosphere was provided by using a BBL Gas-Pak 
system which includes a ( CO:a + Il:a ) generator 
envelope, catalyst and indicator. 
b. For the aerobic isolates, the strips (used as 
standard biochemical tests only) were incubated at 
the same temperature in aerobic conditions. 
5. Reading the Strips. 
a, After 24 h of incubation all strips are removed 
from the incubator and the interpretation of the 
reactions performed. 
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b. Procedure 
STANDARD 
i. Add bromcresol to all tubes containing 
carbohydrates. 
ii. Add xylene to mineral oil in the IND tube, 
mix well and after 2 to 3 min add Ehrlich's 
reagent (see Appendix I). 
iii. Perform catalase activity measurement by 
adding a 3% solution of H20 2 to the MAN tube. 
iv. Record reactions on report sheet (Figure 
IV.2-1). 
ML OF 1 % BARIUM 
CHLORIDE ADDED 
------------------------------------------------------
# 1 
# 3 
# 5 
# 7 
#10 
0.1 
0.3 
0.5 
0.7 
1.0 
Table IV. 2-1: 
9.9 
9.7 
9.5 
9.3 
9.0 
Macfarland Turbidity Scale 
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IV.3 Procedure for the Kit API-M [2] 
1. Preparation of the Medium. 
a. If the medium is not homogeneous, liquefy in a 
boiling water bath. Remove the ampules,place in an 
upright position, and allow them to cool at room 
temperature before use. 
2. Inoculation of the Ampules. 
a. Open the ampule by snapping off the top. 
b. With a flamed needle pick growth from the 20E 
bacterial suspension plate. 
c. Remove the cap 
stabbing to a 
Replace the cap. 
3. Incubation. 
from the ampule and inoculate by 
depth of approximately 1.5 cm. 
0 
a. Incubate the ampules in 35 to 37 C incubator. 
b. Readings should be made after 24 h. All negative 
tubes should be incubated for additional 24 h. 
c. Any degree of diffusion is a positive reaction. 
IV.4 Procedure for the Kit API-OXI [2] 
1. Reconstitute the ascorbic acid by adding 25 ml of sterile 
distilled water to the ascorbic acid powder (0.2%). 
2. Reconstitute the oxidase reagent by adding 5 ml of the 
0.2% ascorbic acid solution to the N,N,N',N'-tetra-
methyl-p-phenylene diamine dihydrochloride powder (1%). 
The reagent should be reconstituted 4 to 5 h prior to its 
use to avoid false negative reactions. 
3. Place one drop of reagent within the marked area of the 
filter paper. 
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4. Using a platinum loop ( do not use nichrome wire ) pick 
some growth from the 20E bacterial suspension plate and 
rub it onto the filter paper. 
5. A positive reaction will turn dark purple within 30 s. 
IV.5 Procedure for the Kit API-OF [2] 
1. Preparation of the Medium. 
a. Prior to inoculating the ampules, liquefy the 
medium in a boiling water bath. Remove the ampules 
from the bath,place them in an upright position and 
allow them to cool at room temperature before use. 
The medium composition in the ampules can be seen 
in Appendix II. 
2. Inoculation of the Ampules. 
a. Open the ampule by snapping the top off by applying 
thumb pressure on the plastic cap. Replace the 
cap. 
b. With a flamed needle pick growth from the 20E 
bacterial suspension plate. 
c. Remove the cap from the ampule and inoculate by 
stabbing to a depth of approximately 1 cm. Replace 
the cap. 
d. Repeat as before for a second ampule and overlay 
with approximately 1 ml of mineral oil. 
3. Incubation. 
0 
a. Incubate the ampules at 35 to 37 C. 
b. Readings should be made after 24 h of incubation. 
Negative tubes should be reincubated for an 
additional 24 h. 
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IV.6 Procedure for the Kit API 20S [2] 
1. Preparation of the Strips. Follow the procedure used for 
the API 20E kit (see Section IV.1). 
2. Preparation of the inoculum. 
a. Add 2.5 ml of 0.85% saline to a sterile test tube. 
b. Pick some growth from fresh cultures of the isolate 
with a loop and emulsify in the solution. The 
final turbidity must be at least equal to a # 1 
MacFarland (see Table IV.2-1). 
3. Inoculation of the Strips. 
a. Using a 5 ml Pasteur pipette fill each cupule in 
the strip with 2 or 3 drops of suspension. 
b, Inoculate plates for purity checks using the excess 
bacterial suspension. 
4. Incubation of the Strips. Incubate the strip for 4 h at 
35 to 37 °Cina non CO 2 incubator. 
5. Reading the Strips. 
a. Record on the report sheet (Figure IV.6-1) the 
results for all the tests not requiring the 
addition of reagents. 
b, Add cinnamaldehyde (Appendix I) to the LEU, SER, 
PYR, and ARL tubes. Record the reactions within 1 
min, 
c, Add 4 drops of ninhydrin (Appendix I) to the llIP 
tube, If a dark blue color develops inmedia te ly 
record as positive. Place all the other strips in 
0 the 35-37 C incubator for 5 to 10 min. After 
reincubation record the HIP result. 
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V. Chronology of the Isolation Procedure 
9.28.84 
10.13 .84 
10.17 .84 
Streaking onto influent and Luria plates of 1 :10 
_5 
dilutions of sludge in 3% saline solution and 10 M 
EDTA solution. 
1. Plates LWS Luria + 3% saline diluted 
sludge. 
2. Plates IWS influent+ 3% saline diluted 
sludge. 
3. Plates LES 
_5 
Luria+ 10 M EDTA diluted 
sludge. 
_5 
4. Plates !ES influent + 10 M EDTA 
d i1 u t e d s 1 ud g e • 
Plates LWS: 15 distinct colonies. Each colony 
streaked individually in Luria plates. 
Plates IWS: 4 distinct colonies. Each colony 
streaked individually onto Luria plates. 
Plates LES: 11 distinct colonies. Each colony 
streaked individually onto Luria plates. 
Plates IES: 5 distinct colonies. Each colony 
streaked individually onto Luria plates. 
Plates LWS: all colonies grown. 
Luria and Agar controls. 
Res treaked onto 
Plates IWS: all colonies grown. 
Luria and Agar controls. 
Res treaked onto 
Plates LES: colonies 1, 3, and 4 did not grow. 
Res treake d, onto Luria and Agar, colonies 2, 5, 6, 
7, 8, 9, 10, and 11. 
Plates IES: colony 4 did not grow. Restreaked, onto 
Luria and Agar, colonies 1, 2, 3, and 5. 
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10.25.84 
10.29.84 
11.08. 84 
11.19.84 
11.23.84 
11. 27. 84 
12. 01. 84 
12 .11. 84 
Identification of primary group of pure cultures. 
Total number of specimens: 31. 
Diffeient morphologies: 22. 
Nomenclature: A to V. 
Restreaking of all the morphologies onto Luria 
plates. 
Plate H appears to be a mixture of two colonies: 
second colony type labelled as morphology W. All 23 
morphologies (A to W) restreaked onto Luria. Stock 
of all morphologies made on Luria agar slants. 
Plate U composed of 2 morphologies, labelled as U-1 
and U-2. 
Restreaking of all 25 morphologies. 
From slants and plates of 11.08.84 and 11.19.84 a 
total of 50 potentially different morphologies;these 
were labelled as: A, B, C, D, E, F+, F-, G-1, G-2, 
G-3, G-4-1, G-4-2, H-1, H-2, H-3-1, H-3-2, H-4, 
I-1-1, l-1-2, 1-2-1, 1-2-2, 1-3, I-4, J, K, K-1, 
K-2, L, L-1, L-2, M, N, 0, 0--1-1, 0--1-2, P, Q, 
Q-1-1, 0-1-2, R, S-1, S-2, T, U-1, U-2, V, W. 
Restreaking onto Luria for stock and observation of 
all 50 morphologies. 
Restreaking onto Luria plates of groups: F, G, H, L, 
0, and S. 
The following isolates were judged to be identical 
on the basis of cultural and microscopic 
characteristics: 
F+ = F- = F-1-1 = F-1-2 = F 
K = K-1 
Q = 0-1-1 
Restreaking of groups onto Luria plates: G, H, I, L, 
0, S, and Q-1-2. 
The following isolates were judged to be identical 
on the basis of cultural and microscopic 
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12 .1 7. 84 
12.24.84 
12.29.84 
01. 5. 85 
CONCLUSION: 
characteristics: 
H-3-1 = H-4 
I-3 = I-4 
No growth on G-1, G-2, H-1, I-1-1. 
Restreaking onto Luria plates of groups: G, H, I, L, 
0, s, Q-1-2. 
The following isolates were judged to be identical 
on the basis of cultural and microscopic 
characteristics: 
H-2-1 = H-2-2 = H-2 
L-1 = L-2 = L 
Restreaking for further observation of groups onto 
Luria plates : I, 0, and Q. 
Stock: A, B, C, D, E, F, G-3, G-4-1, G-4-2, H-3-1, 
H-3-2, I-3, J, K-1, K-2, M, N, 0, 0-1-1, P, Q-1-1, 
R, S-1, S-2, T, U-1, U-2, V, and W. 
The following isolates were judged to be identical 
on the basis of cultural and microscopic 
characteristics: 
I-l-2t = I-1-2w 
I-2-22 and I-2-la --- I-2-21, I-2-22, AND I-2-23. 
0-1-211 = 0-1-212 = 0-1-22 = 0-1-2 
Q-1-2a = Q-1-21 
Further testing by streaking on Luria plates of 
I-2-21, I-2-22, I-2-23, and Q-1-221. 
The following isolates 
on the basis of 
characteristics: 
I-2-21 fi I-2-22 = I-2-23 
0 = 0-1-1 
Q-1-22 pure. 
38 ISOLATES IN STOCK. 
were judged to be identical 
cultural and microscopic 
A, B, C, D, E, F, G-3, G-4-1, G-4-2, H-2-1, H-2-2, H-3-1, H-3-2, 
I-1-2, I-2-1, I-2-21, I-2-22, I-3, J, K-1, K-2, L, 
M, N, 0-1-1, 0-1-2, P, Q-1-1, Q-1-21, Q-1-22, R, 
S-1, S-2, T, U-1, U-2, V, and W. 
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VI. Nutritional Characteristics of the Isolates: Diagnostic Tables 
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ORPJ "" ____ _.., • ·.'', 
ISOLATE ONPG ADH LDC ODC CIT H1 S URE TDA IND 
A 
B + + > 
C + + + + 
-~ 
D + + 
.; E + 
F + + + 
',:-;'-; 
} G-3 + + + + + + 
G-4-1 + + 
r: G-4-2 H-2-1 + + + 6'-,\ 
H-2-2 + + + + t: 
Il-3-1 + + 
~- H-3-2 + + t I-1-2 + + + + ' t I-2-1 
I-2-21 + + + + 
,, 
~ .. 
I-2-22 + + + ,. 
I-3 ,:', !,.;;· 
J 
K-1 + + + 
K-2 + 
L + 
M + + + 
N 
0-1-1 + + + 
0-1-2 + + + 
p + + 
' Q-1-1 if' 
Q-1-21 + + 
{ Q-1-22 + + + 
R + + + + + 
" S-1 + + l_~. 
,, S-2 + + 
T + + 
U-1 + 
U-2 
V + + + + 
/·. w + + + + + 
t' Table VI.1-1: Nutritional Tests for Kit API 20E 
110 
----- ~ 
ISOLATE VP GFL GLU MAN INO SOR RHA SAC MEL 
A 
B 
C + + + + 
\ D ,. + + + 
t E 
F + 
G-3 + + + + + + + ,J. 
i,. G-4-1 + + + + + + + + i G-4-2 
t H-2-1 + + + + + + + + '·'· f, H-2-2 
f,. H-3-1 f:,': 
11-3-2 + r 
I-1-2 + + + + + + + 
I-2-1 + 
I-2-21 + + + + + 
I-2-22 + + + + + + 
I-3 
J + + 
K-1 + + + + + + 
K-2 + 
L 
M + + + + + + + + 
N + 
0-1-1 + + + + + + 
0-1-2 + + + + + + 
p + 
Q-1-1 
Q-1-21 + + + + 
Q-1-22 + 
R + + + 
S-1 
S-2 + + 
It T + + 
U-1 + + + + 
'> U-2 + .. 
f V + + + + + + 
w + + + + + + 
Table VI.1-1, Continued 
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~,,.~-'"""'"''" ..... ,,._'O<"'l''-...,--........ _.i.~'f>< .... ,...~ 
-~-----
ISOLATE AMY ARA OXI NO:.i N:.iG MOT MAC OF-0 OF-F 
A 
B + 
C + + + + + + 
D + 
E + 
F + + 
G-3 + + + + + + 
G-4-1 + + + + + + 
G-4-2 + + f H-2-1 + + + + + + + H-2-2 + + + f· H-3-1 + + + + + I H-3-2 + + + + + + ,,, .: I-1-2 + + + + + ,,.: 
I-2-1 + + [:• ~.-(: I-2-21 + + + + + 
I-2-22 + + + + + 
I-3 + 
J + 
K-1 + + + + + + + + 
K-2 + + 
L + 
M + + + + + + 
N + + + + + 
0-1-1 + + + + + 
0-1-2 + + + + + 
p + + + + + + 
Q-1-1 + 
Q-1-21 -t + 
Q-1-22 + + + 1( 
R + + + + + + 
{ 
;~ 
S-1 + + + + + 
i1 
'· 
·•, 
S-2 + + + + ,. ?· 
T + + + ·~ ; ~". 
•; 
U-1 + + + + 
U-2 + 
' :.... :-·. V + + + + + + + + 
VI + + + + + + + 
Table VI.1-1, Concluded 
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ISOLATE LAC MAL SAL XYL ESC GLY CEL MNE MLZ 
A 
B 
D 
E 
F + + + 
G-3 + + + + + + J + + + + + + + + r L li' Q-1-21 + + r Q-1-22 + ! t . 
R + + + + + + 
,. 
l 
U-1 
,, 
+ + + t V + + + + + c., w + + + + + k" \' 
Table VI.1-2: Nutritional Tests of all Gram positive Isolates and 
.. Gram negatives V and W using the Kits API 20A and 20S ,• 
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ISOLATE LAC MAL SAL XYL ESC GLY CEL MNE MLZ 
A 
B 
D 
E 
F + + + 
G-3 + + + + + + J + + + + + + + + (· 
L t £,, Q-1-21 + + t. k, 
£ 
-., Q-1-22 + 
R + + + + + + 
~ 
I U-1 + + + } V + + + + + t 
w + + + + + 
f 1· l-
f 
Table VI.1-2: Nutritional Tests of all Gram positive Isolates and 
Gram negatives V and w using the Kits API 20A and 20S 
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\ 
,, 
.;.•· 
I 
1;'· 
f:. 
,. 
:'(.'. 
ISOLATE 
A 
B 
D 
E 
F 
G-3 
J 
L 
Q-1-21 
Q-1-22 
R 
U-1 
RAF TRE 
+ 
+ + 
+ 
+ 
+ 
+ 
+ 
,, 
CAT BEM GLS NGS NPG SBS INA 
+ + 
+ 
+ + + + 
+ + 
+ + + 
+ + + + + + 
+ + 
+ + 
+ + + 
+ + + 
+ + 
Table VI.1-2, Continued 
j 
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·-----·-.... -.. --~ ... --· · .. ,.". 
ISOLAIB PHS ARG HIP LEO SEX PIR ARL 
A + + 
B + + 
D + + + + 
E + 
F + 
G-3 + + + + 
L + Q-1-21 
Q--1-22 + + + + 
R + + + + + 
U-1 
Table Vl.1-2, Concluded 
11S 
\ 
l 
-------··-';:ff. 
f 
). 
\. 
. ,. 
\. 
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